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DOUBLE BOW GIRDER BRIDGES. 


We give a perspective view of a fine example of the 
: double-bow girder bridge, on the Ham and Harburg 
‘ Railway over the Elbe at Hamburg. We also give a part 
plan diagram and side elevation, all on our first , to- 
gether with a small view of the abutment pier on this page. 

The Elbe divides itself above Hamburg into two branches. 
Hamburg lies on the right bank of the northern branch, im’ 


Harburg on the left bank of the southern branch; so that the 
railway between the two, which is 11 kilos long—about ‘if 
seven miles—and which was constructed in the years 1868- 

: 1872, by Herr A. Lohse, as chief engineer for the Cologne i 
and Minden Railway Company, makes the bridging of both 
branches of the rivera necessity. 

The Hamburg bridge has three openings of 96°35 meters, an j meee 
and four of 21°34 meters span. e Harburg bridge has 
four openings of 96°35 meters, six openings of 20°35 meters, a -4 
and a swing bridge giving two of 12°71 meters to 
allow the passage of vessels, At Hamburg a canal is = y TIVE STRUCTE 
brought round the station from above the bridge, and pro- Fie. 3. D BY THE SWIBs 
vided with two swing bridges to enable vessels to pass. : ; 

The local conditions, viz., the proximity of the low-lying 
stations of Hamburg and Harburg, made it necessary to have 
the rail level on the bridges as low as possible, and on that 
account the underside of the roadway was taken at only 1°90 
meters above the level of the highest known floods. In mak- 


ing a choice of design for the large spans of both bridges, —— 
although Herr Lohse had previously built the large lattice fT, —z = 


alt 


bridges over the eastern branch of the Weichsel at Mauen- 


burg, and over the Rhine at Cologne, he considered it 


advisable not to select the system there applied, but an arch AL — 
or bow construction such as that of the bridge over the _\— —= 
Z Rhine at Coblentz, because this latter, with no greater ex- a eS = = 


penditure of material, gives a more pleasing, light, and ele- 
gant effect. 
The low level of the bridge, however, made the applica- Fie. 3.—PLAN VIEW. 


22+22 2 2 


ENTRANCE PIER. 
tion of an ordinary supporting arch under the roadway, as 
in the Coblentz bridge, an impossibility, A suspension 


of similar construction would — have 
the object in view, but would have required center piers 0 = 

too great thickness to be suitable to the river conditions, so Fre. 4.—REAR ELEVATION. Fie. 5.—CROSS SECTIONAL ELEVATION. 

that this coastruction also did not appear admissible without 

further improvement. He thereupon united to the down- 

ward curve of a suspension bridge a similarly constructed 

arch with an upward curve, divided the weight of the hang- 

ing roadway equally between the two bows by means of 

vertical iron tie-rods, and. united the curves at the points of H 

support, so that the horizontal pressures acting on them in 

ies opposite directions might mutually equalize each other at 


those points, and thus the piers, being only loaded vertically, 
might be built with a moderate thickness. 

The two bridges present a very pleasing and light appear- ’ a 
ance, and have remained in a thoroughly satisfactory con- = 


dition since the opening of the railway, which took place on ; — 


J the Ist December, 1872. The superstructure of one of the i] 

" large spans of 96°35 m., with two lines of railway between ‘ 
the bows and two foot ways outside them, contains the follow- } 
ing weight of rolled iron: In the two bows, 425,520 kilog. ; 
in the roadway and horizontal bracing, 156,944 kilog. ; total, 
582,464 kilog., or 6,048 kilog. per meterrun. It thus appears 
that this bridge is the lightest form of construction which | 
has as yet been employed in Germany for bridges of this | 
span. The two bridges togetlier cost very nearly six mil- 
lion marks—about £300,000.—The Engineer. 


on inn Fic. 6.—LONGITUDINAL SECTIONAL ELEVATION OF A STEAM OMNIBUS CONSTRUCTED BY 
BROWN’S TRAMWAY LOCOMOTIVES. THE SWISS LOCOMOTIVE AND MACHINE WORKS. 
Tue Swiss Locomotive and Machine Works, at Winter- 

thur, Switzerland, are the builders of the Brown Tramway 

¢ Locomotive, illustrated and described on page 354, of No. 
23, Vol. 41, December 6, 1879, of the Screntrric AMERI- 
CAN, and have also constructed the several tramway locomo- 
tives shown in the annexed cuts. These locomotives are to 


Fig. 7.—SIDE ELEVATION. 


Fie. 1.—LONGITUDINAL ELEVATION OF A LOCO- 
MOTIVE CAR CONSTRUCTED BY THE SWISS 
LOUOMOTIVE AND MACHI WORKS AT 
WINTERTHUR. 


| 
be combined with the car in such a manner that the weight | 
of the latter tends to increase the friction of the driving 
wheels on the tracks, whereby the dead weight to be over- | 
come is decreased. his result can be obtained in various, 
different manners, which may, however, be divided into two | 
main classes: the first having the locomotive and car con-| 
structed as one, the second having the car detachable. The | 
former would seem to be preferable, but the main objection is | 
that if the car is t into a clean and light car shed, the | 
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Fo. 9.—CLOSED DOUBLE DECK STEAM OMNIBUS CONSTRUCTED BY THE SWISS LOCOMOTIVE 
AND MACHINE WORKS. 


oil and smoke of the locomotive will soon soil the same; and 
likewise if the car is brought into a locomotive shop, it will 
be soiled and ruined by the smoke, oil, and heat. 

Fig. 1 shows the side elevation of a double deck street 
car, with the engine and a vertical boile. at the forward end 
and the water tank ut the rear end. The power is transmit- 
ted to the front axle by means of a peculiarly shaped chain, 
indicated by dotted lines. Part of the waste steam is con- 
densed, and s part may be used to heat the car, a3 in all the 
locomotive cars. 

The car, of which a longitudinal elevation, plan view, 
cross sectional, and rear elevations are shown in Figs. 2, 3, 
4,and 5, is at present temporarily used in Strassburg, in 


Fie. 10.—CROSS SECTIONAL ELEVATION. 


Elsass. It is provided with a central , and with 
starting and regulating levers at both ends, whereby the 
turning at the end stations is avoided. The Brown combin- 
ed horizontal and vertical boiler is used in this car. 

_ Figs. 6,7, and 8 show the side elevation, longitudinal sec- 
tional elevation, and plan view of a double deck car, the 
rear end of which only is supplied with wheels, the front end 
resting on the locomotive truck. The advantages of this 
system are, that the car and locomotive can be detached and 
tach placed into the appropriate sheds; and further, if the 
locomotive is damaged the car need not be taken from ser- 
vice, and vice versa, the locomotive can be used in case the 


TELESCOPIC RUDDER. 


| When a collision is imminent between two vessels, all 
that can be done by those in charge as regards steering, is to 
port or starboard their helms, as the case may be. It is this 
action which alters the course of the vessels, as the mere 
fact of the helms being kept hard to port or starboard exerts 
| very little subsequent effect in proportion. It is, therefore, 
very important that the rudder power of a vessel should be 
considerable; but a large rudder is found to require too 
| much power in working, and generally to be impracticable. 
| Mr. Scott Russell’s rule for rudders is that their breadth 
| shall equal one-fiftieth of the vessel’s length plus one foot. 
|Mr. Charles Stewart, of London, bas devised a method 
whereby the rudder power of a vessel may. in any emer- 
gency, almost instantaneously increased from 30 to 50 
per cent. The rudder is formed of two iron plates bolted or 


TELESCOPIC RUDDER. 


riveted together, with distance pieces between them at the 
top and bottom, leaving a clear space in the middle for con. 
| taining a supplementary rudder which is projected by a 
chain when required, The annexed illustration shows this 
appliance, with the extra rudder drawn out by the chain, A. 

© bring back the extra rudder to its normal position, the 
chain, B, passing between the two plates composing the 
main portion, must be pulled. When extra rudder power 
is required, the order might be given, ‘‘ Double hard a-port, 
or starboard,” as the case might be. This arrangement is 
chiefly intended where the steering is effected by steam 
power, when the engineer would only have to throw into 
gear an extra friction clutch. It is evident that, on the re- 
ceipt of such a comparatively unusual order as the above, 
the engineer would apply the lever for working the extra 


Fic. 11.—HORIZONTAL SECTIONAL VIEW OF THE LOWER PART. 


car isdamaged. The car increases the friction of the driv- 
‘ng Wheels, which is of great importance, especially when 
grades are encountered. 
ti 9,10. 11, and 12 show a side elevation, cross sec- 
elevation, and two plan views of a closed double deck 
car to be used on railways in the neighborhood of large 
hint The car shown is arranged for first. second, and 
in hep passengers, and is connected with the locomotive 
manner described above.—UAland’s Maschinen Con- 


rudder with the same alacrity that the guard of a train ap- 
plies the brakes on seeing a danger signal. 


< 


NOVEL LIFE BOAT. 


Proressorn MANEs bas invented a life saving boat, unlike 
any other in many particulars. It protects gees gow from 
the elements and renders them comfortable as well as _per- 
fectly safe. It is a hollow wood or metal globe, from six to 
twelve feet in diameter, and weighing from 600 to 1,200 


pounds. Ballast of sufficient amount to prevent a capsize is 

in compartments and secured with straps. From the 
ron mast a distress signal flies by day and a light hangs by 
night. The mast is hollow, and there are openings at the 
top and bottom sufficient to ventilate the interior of the 
boat. There is place for ample stores underneath the floor. 
Around the exterior, at the only point of contact, is a sub- 
stantial cork fender, which would prevent injury even if the 
boat were dashed against a rock. As there is no danger of 
a capsize, excessive heat or cold, or from the washing of the 
waves, passengers might float in safety and comparative 
comfort as — as provisions and water last. A model of 
this invention is now in the bands of General Dumont, 
superintendent of the steamship service department at 
Washington. A report is — in January next from 
this committee.—Oape Ann Bulletin. 


[Continued from SurrLEMENT No, 221, page 3519.] 


ON THE HARDENING, TEMPERING, AND 
ANNEALING OF STEEL.* 


IV.—HARDENING OF STEEL. 


JULLIEN holds that carbon in contact with iron at cherry 
red heat becomes liquid, and is absorbed like water in a 
sponge, like oxygen in liquid silver, or like gas in porous 
bodies; cooled slowly, the carbon becomes amorpbous, and 
the steel becomes soft as iron; cooled quickly, the carbon 
crystallizes to depths proportioned to the energy of cooling, 
| and steel becomes diamond set in iron. In your committee’s 

opinion this theory, even if it accounts for the hardening of 
| steel, does not account for tempering. What takes place 
| when hardened steel is heated and passes through all the 
| graduations of hardness indicated by their characteristic 
colors? Jullien quotes Berzelius as stating that when: a 
saline solution, saturated or not, is allowed to cool quickly 
almost to the congealing point, the periphery, which is first 
cooled, becomes less saline than the center; until, at last, 
when the entire mass has solidified, the dissolved salt is 
found concentrated in the center. From this fact he infers 
that two bodies dissolving each other, and preserving their 
independence in solution, must produce solid compounds of 
varying properties, according to the rate at which cooling 
| takes place. Furthermore all solid bodies are susceptible of 
two different molecular structures, dependent on the rate of 
cooling from the fluid state; but this rate of cooling does 
not produce the same results on all. Thus gold, silver, and 
copper, if cast in chills, yield a fibrous structure, while, 
if cast in sand moulds, they exbibit a crystalline fracture; 
and tbe fibrous structure can be changed into the crystal- 
line by a temperature short of fusion. Carbon and 
glass behave quite otherwise. Diamond, exposed  suffi- 
ciently long to a high temperature in a covered crucible, 
becomes amorphous or graphite; hence it may be con- 
cluded that, if it could be taken liquid and subjected to en- 
ergetic cooling, it would crystallize; while under slow cool- 
ing it would become graphite. Glass, taken liquid and sub- 
mitted to energetic cooling, crystallizes; but when annealed, 
it becomes amorphous or ceramized. Rupert’s drops, which 
are transparent crystallized glass, become opaque if beated 
for along time. He therefore considers that a mixture. of 
{iron and carbon, if cooled quickly, becomes bard because 
the carbon crystallizes into diamond; while, if it is cooled 
slowly, the carbon remains amorphous and comparatively 
soft. Chilled gray cast iron hasa mottled band between the 
chilled and uncbilled parts; this is the zone where the car- 
bon is partly crystalline and partly amorphous. Gruner 
| considers that carbon is dissolved in hot iron—that when 
_ cooled slowly the carbon bas time to separate as grapbite, 
| but when cooled quickly there is nv time for separation; and 
white chilled iron instead of gray cast iron is the result. 
Soft and bard steel show a similar difference though to a lees 
‘degree. Barba and Akerman consider that the compression 
| resulting from rapid cooling is the cause of a greater amount 
| of carbon being retained in solution, and prevented from 
separating as graphite. Your committee find it difficult to 
accept this theory, because the compression of the internal 
portion of a piece of steel is caused by the contraction of the 
outer layers; and these, therefore, must be stretched, as. 
indeed, it is well known that they are. But in hardened 
steel the outer layers, which were most energetically cooled, 
are the hardest, although they must have been, and probally 
are, in a state of tension. Akerman, however, considers 
| that compression, or forcing together of the particles, the 
amount of which is dependent on the rapidity of cooling, 
produces hardening; and that the intensity of this hardening 
depends on the compactness of the material and its limit of 
elasticity. By the way of proof, he statesthat cold working, 
rolling, and wire drawing produce similar results. 


V.—THE MOLECULAR CHANGES THAT OCCUR IN HARDENING, 
TEMPERING, AND ANNEALING. 


The theory announced by Chernoff, in 1868, to the Impe- 
rial Russian Technical Society, appears to explain in a satis- 
factory manner the molecular changes that take place in 
steel when subjected to changes of temperature. is view 
is that: (1) There is a certain temperature, a, such that steel, 
of whatever quality, will not barden if heated to any tem- 
perature below a, and energetically cooled. (2) There is 
some higher temperature, }, above which steel changes from 
the crystalline to the amorphous condition. (8) If heated toa 
temperature between « and b, steel may harden, but does not 
change its structure, whether cooled quickly or slowly. (4) 
|If beated above the temperature 4, and up to the melt 
point, steel bas a wax-like structure, is incompressible, 
tends to crystallize into larger crystals, if left to cool —< 
undisturbed, but into smaller crystals if hammered, or if 
rapidly cooled. Fine grain is eseential to good, tough steel; 
hence, by heating up to the temperature 2, so as to produce 
the amorpbous condition, and then cooling suddenly to below 
a in oil or water, good steel can be obtained. The tempera- 
tures, a and }, vary with the nature of the steel. Chernoff 
illustrates his views by reference to the behavior of alum 
undergoing crystallization; and the close reasoning of bis 
remarkable paper carries a strong conviction of the correct- 
ness of the views advocates. There are abundant illus- 
trations of his th to be found in the many writers on 
steel who have beef consulted. Thus Hackney states that 

uenching mild steel improves its tenacity and ductility. 

iley expressed an opinion that it was not so much the per- 
centage of carbon ag; the way in which the rails bad been 
cooled, that should be taken into consideration, when two 
rails of the same chemical composition differed in hardness. 
Barba states that annealing should not be doneat too high a 
temperature, otherwise the steel will crystallize with slow 
cooling, will lose elasticity, and become what ordinarily 
called *‘ burned.” Caron states that <‘ burned” iron can be 
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describes and explains the case of a ‘‘ burned” ingot of steel, 
which he treated in the above manner, and restored to its 
proper condition. Osborn states that steel has a remarkable 
property of remaining in a pasty condition through a con- 
siderable range of temperature below its melting point; and 
that bar-iron acquires a largely crystalline structure when 
exposed for a long time to heat considerably below fusion. 
rofessor Gore, in 1869, and subsequently Professor Bar- | 
rett, in 1873,drew attention to certain anomalies that occurred | 
in the expansion and contraction of iron wire; and in 1877 | 
Professor Norris published the results of his experiments on 
the same subject, which appear to confirm Chernoff’s theory 
in a remarkable manner. In cooling a strained iron wire 
from redness, it was found that the contraction due to cool- 
ing was, at a certain point, and for a limited period, changed 
into an action of elongation. In good iron wire this irregu- 
larity could not be detected, but in hard wire and steel it 
was very apparent. The wire has to be raised to a very high 
temperature before the temporary elongation during cooling, 
can be seen; and it does not take place if the wire is heated 
i beyond the temperature at which it occurs. Professor 
orris’ researches have led him to the following conclu- 
sions: (1) That in steel, and in iron containing free carbon, 
there is a contraction, or shortening, which is excited by 
heat, and which proceeds simultaneously with the dynamical 
expansion, and masks its trueamount. This is divisible into 
high and low temperature contraction. (2) That similarly 
there is a cooling expansion, or crystallization, which comes 
in during the dynamical contraction, and masks its true 
amount. (3) That these effects, due to crystallization, and 
decrystallization, are the causes of the so-called “ kicks,” or 
temporary contractions and expansions, which occur during 
the heating and cooling respectively of the steel. (4) That 
the low temperature, contraction, and cooling expansion, are 
due to decrystallization and crystallization, which occur dur- 
ing the acts of heating and cooling; while the ‘‘ kicks ” them- 
eulees are simply the thermal effects associated with these 
changes, and are proportionate to their extent. (5) That 
protracted annealing, ¢. ¢., extremely slow cooling, brings 
about molecular separation of the carbon and iron. Steel in 
such a state contracts greatly when high temperatures are 
reached, producing the effects of contraction, which are 
seen at the ends of the heating, and which are due to the 
condensation produced by the recombination of the carbon 
and iron. Steel in this state is less susceptible to cooling 
expansion (or crystallization), and, therefore, to low tempera- 
ture contraction on subsequent heating. It would seem that 
the ‘kicks ” observed by Professor Norris probably occur 
somewhere in the region of Chernoff’s temperatures, a and d, 
where a change in the molecular structure of steel appears 
to take place, according to his theory. At any rate it is 
plain that molecular changes of some kind do occur, and 
manifest themselves by altering the bulk of the metal. 

Tt has already been stated that Miller has demonstrated 
the presence of hydrogen, nitrogen,and carbonic oxide in the 
pores of Bessemer and Siemens-Martin steel. Edison, at the 
recent meeting of the American Association for the Advance- ' 
ment of Science, at Saratoga, has extended the observations | 
of Débereiner, St. Clair-Deville, Troost, Faraday, and Gra- 
ham; and has not only applied the facts ascertained to ex- 
plain the destruction of refractory metals, such as platinum | 
and iridium, under long-continued high temperatures, but 
has discovered the means of overcoming those defects, which 
have proved a serious hindrance to the extension of electric 
lighting. Edison noticed thut the effect of incandescence 
on wires was to produce, all over their surface, innumerable 
fine cracks. When the incandescence was maintained for 
twenty minutes, these fissures became so enlarged as to be 
visible to the nuked eye; and, when still further continued 
for several hours, the cracks united and the wires fell to 
pieces. A number of experiments have led him to the con- 
clusion that the cracking of the surface of the metal is due 
entirely to the occluded s imprisoned within its pores, 
which become expanded, and are driven out under the ac- 
tion of heat. By heating spirals of platinum wire gradually, 
by means of a transmitted electric current of periodically 
increasing strength, and within an exhausted chamber, the 

subsiances contained within the metal were grad- 
ually withdrawn; and by allowing the metal, in the interval 
between each increase of temperature, to cool down én vacuo, 
a series of expirations from the surface took place, alter- 
nating with a closing up and welding together again of the 
minute fissures through which the gentle heating, én vacuo, 
had enabled the gases to escape. By continuing this simple 
operation, it has been found possible to change completely 
the physical character of metals, increasing their hardness 
and density to an extraordinary degree, and raising their 
points of fusion so high that they are perfectly unaffected at 
temperatures ai which most substances would be melted and 
even volatilize’. A spiral or ordinary platinum at a white 
heat softens and loses its elastic and rigid character; but 
——— after having been treated in the manner above 
ribed, becomes as rigid as steel, and as homogeneous as 
glass, and retains these properties when glowing under the 
most intense incandescence. The metal so transformed 
cannot be annealed by any known process. 

It appears to the committee that the expulsion of the 
gases contained in the body of the metals may have the effect 
of bringing the ultimate atoms closer together, increasing 
thereby the force of their cohesion, and consequently resist- 
ing more strongly any rearrangement that would be neces- 
sary in annealing. It would appear also that the existence 
of gases in the pores of metals is an attribute of their normal 
states; and that the expulsion of the gases increases hard- 
ness and necessarily raises the meltin int on account of 
the stronger cohesion of the atoms. May it not be that the 
sudden contraction in hardening steel has the effect of ex- 

ling occluded gases; that subsequent tempering, by rais- 

ng the temperature, has the effect of permitting a fresh ab- 
sorption; and that the iridescent colors which accompany 
tempering are due to the change of surface caused by the 
infiltration of gases? Another view is that the mere heating 
of steel to the proper temperature for hardening is sufficient 
to expel a portion of the gases, which are kept out by sud- 
den cooling, and are slowly re-absorbed in tempering. 
Graham states that platinum at a low red heat will absorb four 
times its volume of hydrogen, and that palladium condenses 
more than 600 times its volume of hydrogen at a temperature 
below that of boiling water. y not steel, therefore, 
possess analogous properties with respect to some of the 
me constituting the air? May it not absorb these more 
ly as the temperature of tempering rises, and so gradually | 
become restored to its original softness? 


VL.—DIRECTIONS IN WHICH FURTHER INVESTIGATIONS 
APPEAR TO BE NEEDED. 


(2) Te investigate whether Edison's theory can be applied 


also and to ascertain by experiment whether absorption and ex-| metal. I will begin by giving you a short summary of iy 


tages over those of other meta 


and Norris’ observations on the contraction and expansion | amount of fuel needful to supply the hecessary heat for ry. 


of wires. Signed on behalf of the committee, 5th Nov., 
1879, W. Anperson, Chairman and Reporter. 
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A NEW METALLIC COMPOUND.* 
By GRANVILLE Cons, Ph.D. 


THE paper which I am about to read this evening affords 
me the privilege of appearing for the first time before a 
meeting of the members of the Society of Arts, and I hope 
you will grant me your indulgence for any shortcomings 
which may attend this my first appearance as a public lec- 
turer in England. 

The subject of the paper is the discovery of a metallic 
compound, which | shall prove to you is new, and I shall 
endeavor further to set forth a few facts, attested by experi- 
ments, in respect of its nature. Iam duly impressed with 
the very technical character of my subject, and the tendency 
there must be, in dealing with it, toward a certain dryness 
in my remarks. But, while I trust that many of the data 
will appeal with special interest to engineers and other practi- 
cal men, I still hepe to arrest your attention by showing you 
to how many artistic and industrial purposes this new metal- 
lic compound may be put. In the first place, it will be right 
to give a brief account of the 


I.—DISCOVERY OF THE METAL 


Nearly a year ago, Mr. J. Berger Spence discovered that 
the sulphides of metals, combined with molten sulphur, 
formed a liquid. This liquid, on cooling, became a solid 
homogeneous mass, possessing great tenacity and having a 
peculiar dark gray—almost blaek—color. early every me- 
tallic sulphide which is known combines, as experiments 
have proved, with an excess of sulphur, and, curiously 
enough, nearly all these combinations have the same proper- 
ties. The combination, of which I have specimens here for 
inspection, consists of an ore of iron pyrites, containing 
both lead and zine sulphides, 


l.—CHEMICAL COMPOSITION. 


Examining the metal from a chemical point of view, I 
may state, briefly, that it is a chemical compound belonging 
to that class known as thiates, or sulphur sulphides. 

Dr. Hodgkinson, chemical demonstrator at the Science 
Schools, South Kensington, bas kindly sent me the follow- 
ing facts. I cannot do better than quote his letter on the 
subject : 

“It appears to be the easiest thing in the world to obtain 
a homogeneous casting with it. Specific — of portion 
sent gave 3°3743 to 3°7036 (reduced to 0° C.), 

‘‘When finely powdered, it is acted upon slowly by con- 
centrated HCl and NO,HO in the cold; in large lumps, 
little or no action takes place. As yet I have not been able 
to determine the expansion equivalent accurately; it would 
appear, however, to be small. The fracture 1s not con- 
choidal, as might perhaps have been expected, but some- 
what like that of cast iron. 

“I have not had time to try many ‘utilization experi- 
ments’ on the substance, but I have no doubt it would be 


exceedingly useful in the laboratory, even, for instance, for | 


making the air-tight connections between glass tubes by 
means of caoutchouc, and a wateror mercury jacket, where 
rigidity is no disadvantage ; the fusing point is so convenient, 
about 340°, that it may be run into the outer tube on to the 
caoutchoue, which it grips on cooling, like a vice, and 
makes perfectly tight. 

“TI don't know what you may call the material? but 
should think, as it seems to be more than a mere mixture, 


| ‘ferric thiate’ would not be a bad or inappropriate name.” 


UL.—PROPERTIES OF THE METAL. 
I propose; this evening, to illustrate by experiments such 


© A paper recently read before the Society of Arts, Leadon, 


expands on cooling, a property not shared 
majority of other metals or metallic compounda I A 
that type metal and bismuth are two exceptions. Later 
I think I shall convince you that, for an operation like the 
joining of gas and water pipes, this expanding pro 
one of great im perty is 
8. It claims to resist atmospheric or climatic j 
as compared with bronze and marble. I noticed only a few 
| days ago how the statues in bronze, on the Holborn vig. 
duct, had been affected by our Lendon f And I have 
evidence to produce in the direction of showing the imperyj. 
| ousness of the metal to such degrading influences, 
4. As compared with other metals or metallic compou 
its resistance to acids, used commercially, to alkalies and to 
| water, is certainly superior. 
| §. A smooth surface of this metal or metallic com 
| now known commercially as Spence’s metal, takes q y 
high polish. I will illustrate this to you by casting some of 
| this molten metal on to a surface of glass. 


IV.—ITS USES TO ART. 


It may, perhaps, be interesting to my hearers to 
manner in which Mr. Spence first thought of utile ae 
metal for works of art. In order to obtain a 
smooth surface, he had been running molten metal on tog 

| piece of glass, as I have just done. But before doing so, he 
had chanced to touch the glass, and had left the marks of 
the pores of the skin of his fingers upon it. On remoy 
| the metal, these marks were found to be reproduced, and so 
| indelibly that they did not disappear on polishing the guy. 
face metal. This led Mr. Spence to try to cast the metal ip 
a mould; and although at present no artistic work of high 
order has yet been reproduced, yet I venture to think that 
| enough has been done to justify the expectation that, jp 
| a short time, standard works of both ancient and moder 
art may be successfully and usefully reproduced. Various 
| colors, such as the green patina of bronze, the dark blue bue 
of steel, and the appearanee of silver and gold, have alp 
| been obtained. Experiments are now in progress, wad 
| give promise of enabling those who adopt this metallic com. 
| pound for such uses, to reproduce metallic works in their 
| original colors. 
have here a casting that was made from a nickel-plate 
| engraving; every line, however minute, has been reproduced 
| in Spence’s metal. Experiments are now being carried op 
| to test the adaptability of the metal for printing and stereo. 
| typing purposes, but they are not complete, so I refrain 
from giving you any facts about them. 

Besides this, experimental castings have been made of 
various medallions and busts, notably this large bust of 
her ne Queen. The metal in this case has not sub 
sequent n treated in any way beyond being polishe. 
with a cloth. The metal can be cast into almost any mate- 
rial used for moulds. 
| Mr. Spence has succéeded in obtaining casts from metal 

moulds, plaster moulds, and even from gelatine moukis, , 
These last are probably the first metallic castings produced 
| from gelatine moulds. Spence’s metal, being almost a non- 
conductor of heat, cools so rapidly in the gelatine mould 
| that it yields a perfect impression before the form of the 
mould is destroyed, and if the gelatine be allowed to remain 
on the metal till cold, it remodels itself ready for the next 
casting. It is, therefore, hoped that an additional process 
has been secured, by which the most undercut objects may 
Be reproduced successfully and easily. 
+ The advantages which Spence’s metal possesses over other 
| materials used for artistic productions may be summarized 
under three heads, viz.: 1. Cheapness. 2. Facility of work 
ing. 3. Resistance to climatic influences. 
heapness.—As compared with lead, which is one of the 
cheapest of metals, it is one-third the weight; and, wheres 
the average cost of lead for the last ten years has been near!y 
| £18 a ton, Spence’s metal only costs £15. A ton of Spence® 
metal being three times the amount in bulk of that of a ter 
of lead, it is available for three times the amount of work 
It may, therefore, be considered to be nearly a quarter of 
the price of lead, and, consequently, very considerably less 
than that of bronze. 
| Facility of Working.—Its melting point being very low, 
it can be very easily prepared for pouring into a mould, 
its property of expanding, when cooling, causes it to take 
such a perfect impression that the cast requires very little 
| chasing after. In respect of a gelatine mould, which cap 
| cover a considerable surface of work without joins, snch as 
| one has to make in plaster piece moulding, the metal cast 
| obtained from such a mould would require no chasing what 


ever. 
| i to the Atmosphere.—With regard to its resistance 
| to climatic influences, experiments have been conducted in 
| this direction with complete success. A polished surface 
the metal has been exposed for six months in all weathers 
| without showing the least change. 
| Mr. Wood, the secretary of this society, has had a me 
'dallion, which I sent him a month ago, exposed to all the 
recent fogs and frosts, on the outside of this building. You 
can judge and see for yourselves how well it has stood this 
test 


Not to confine myself to this test alone, I have bere 
another medallion of this metal, which Mr. Wood tells me 
has been left for the same period in aqua-regia, one of the 
strongest acids known. You see how little effect the acid 
has bad on the surface of the metal. 1 believe that no work 

| of art in any other substance would bear this test without 
suffering. I will here endeavor to show you the effect 
same acid has on marble or bronze. I venture to think that 
if Spence’s metal has resisted this acid for a month, it 0¥ 
certainly to be able to resist the climate of London fors 
much longer period. I, therefore, beg to submit that this 
| metal, if skilled labor is brought to bear on it, ought to be 
of a great value for decorative purposes, both internal and 
external. 

V.—INDUSTRIAL USES. 


I will endeavor now to point out to the uses to-whieh 
this metal may be the industeral. purposes. And I 
propose to divide these pu under three heads: 1. 6# 
and water works. 2. Chemical works. 3. Miscellaneou® 

Gas and Water-works.—As practice is better than ie 
I will simply relate, as best I can, those experiments 
have been tried at the South Metropolitan Gas-works. 


APRIL 3, 1886, 
restored by raising it to a white heat, and then placing it_to the explanation of the hardening and tempering of steel; | as are possible at a lecture, some of the pronertia 
under the rapid action of a steam hammer. Chernoff 
whether any chemical difference exists between the outer! or metallic compounds, 
; and inner layers of a piece of hardened steel, which before | 1, It has a comparatively low melting point, vig, 80 
. hardening was of homogeneous structure. (8) To ascertain | Fabr., or rather more than 100° above the temperature 
whether there is any contiection between Chernoff’s theory | boiling water. Here, then, we have in its ~ " of 
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= under the direction of Mr. Livesey, were made 
weeks back; two pipes were joined by this metal in 
- jess time than would have been taken had lead been 
eyed. The pipes, after having been Joined, were tested 
= ressure, but no leakage was found. 
Joining Pipes with order to show the 
] advantages he esetal has over lead, it will be as 
— if I endeavor to tell you how gas or water- pipes 
bay ined when lead is used. e pipes having been laid 
tage - the joint is packed with yarn; clay is then laid 
the exterior of the joint, and the molten lead is run 
in Unfortunately, lead possesses the property of contract- 
on cooling. The leaden joint has, therefore, to be 
in6 xed,” or as it is called in the north, staved. This 
calking. OT staving, means wedging the lead into the joint, 
in order to obtain a perfectly tight join. This king 
aatarally considerable time, and necessitates exca- 
vation, 


ion and calking are both rendered unnecessary 

by the of Spence’s metal. The only to be 
sid together, and after the yarn has forced into the 
nt avd the clay placed, the liquid metal is run into the 
(int the clay is removed, and the joint is finished. The 
mnetal does not splash in ruening into the mould, thus avoid- 
ing a great source of waste of material and danger to work- 


iments were also tried to test the metal joints in the 
event of subsidence of the ground. Four lengths of nine- 
feet piping, six inch diameter, were joined with the metal 
and supported on trestles. After the metal had set, which 
itdid in a few minutes, the center supports were knocked 
away, leaving only the two end ones. The thirty-six feet 
jength of piping sank seven inches, without showing, even 
after pressure, a leakage. 

These experiments were so satisfactory that the South 
Metropolitan Company have adopted the metal, and are now 
laying their pipes with it. Mr. Livesey, the chief engineer, 
jn writing on the subject to Mr. Spence, says: ‘‘ We have 
now only the test of time, and that, I think, we may take 
the risk of.” Others of the London gas-works, and a very 

number of provincial gas-works, are adopting it. 

the same way it will be useful for water-works. Mr. 
Hope, who undertook some ex periments in Scotland, reports 
that at the Edinburgh water-works two pipes were joined 
and subjected to a pressure of 400 feet of water, which was: 
as much as they could get on without the joint showing; 
any leakage. This is the greatest pressure which we huve. 
as yet been able to put it to; so what it will actually bear Ij 
am not at present in a position to say. 

From a sanitary point of view, as water has no action on 
the metal, it would be extremely valuable for cisterns, in- 
stead of iron or lead. Being almost a non-conductor of 
cold, pipes might be lined with it to prevent the water from 


ng. 
fo Chemical Works. —The metal being less acted upon 
—_ than other metals, it may also be of service to 
ical manufactures. I refer especially to sulphuric acid, 
which is the most extensively used of all acids in commerce. 
Lead has, up to the na been used for sulphuric acid 
tanks. I have myself tested the metal with sulphuric acid, 
and its action is almost imperceptible. The one objection 
to the use of this metal in this case is its low fusing point, 
but when acids have only to be oe to a certain tempera- 
= say 200° Fahr., I venture to predict a large field for 
use, 


VI.—MISCELLANEOUS APPLICATIONS. 


Besides the uses I have thus hog: | and, I am afraid, 
somewhat imperfectly set before you, there are many others 
to which the metal may be applied, for instance, joining 
iron to stone or wood, the tensile strain of the metal being 
from 650 Ib. to the square inch five minutes after setting. 
For joining railings to stone it would answer equally as well 
as lead, and cost very much less; also for coating the holds 
of ships. I have been told that an Act of Parliament has 
been passed by which builders are compelled, if the district 
surveyors desire to cover the walls of houses after they are 
built two feet out of the ground, with some material to pre- 
vent the damp from rising. It seems to me that Spence’s 
metal is peculiarly adapted for this purpose. 

I will illustrate to you some of the other uses to which 
this metal may be put. For hermetically sealing bottles; 
for covering cloth; for covering parcels that are being sent 
out to hot climates, thus obviating the use of lined boxes; 
for preserving fruit, or other articles of consumption; and I 
may state that experiments on a large scale are still being 
carried on at Mr. Spence’s works, Belvedere, Kent. 


VII. —CONCLUSION, 


I feel sure we have not yet come to the end of all the uses 
this Spence’s metal may be put to, but I trust that I have 
shown you sufficient to induce you and others who may be 
interested in this discovery to make further investigations. 
If my paper is somewhat shorter than is usual, it is to some 
extent owing to my hesitation to make any statement which 
either Mr. Spence or I have not verified by actual experiment 
ourselves. I have already shown you a few of them, viz., cast- 
ing on glass, casting an engraving, casting in metal moulds, 
casting in plaster moulds, casting in gelatine, resistance to 

heric action, resistance to acids, resistance to acids 
% compared to bronze or marble, and uses in gas and water- 
Works. In conclusion, | express a hope that I have estab- 
lished the proposition with which I started, and I trust you 
are satisfied that this Spence’s metal is a discovery which 
has a prospect of much utility to the fine and industrial arts, 
and that have been justified in bringing it before the at- 
vention of the members of the Society. 


DISCUSSION. 


The Cuarnman said Dr. Cole had certainly proved that 
there was in one way or other a very large field for the em- 
yment of this new metal. It was very curious to see 
? W an invention first made with a particular object, some- 
mes took afterwards an entirely different direction. This 
material was first brought forward as affording admirable 
fee actions of works of art, and now they were informed 
y+ it could be used to en fruit, and possibly meat, 
80 it might solve the difficulty of bringing over American 

a. ustralian meat. This reminded him of an admirable 
eration for wood-carving, which made no way at first, 
when troubles overtook France, and prevented the ex- 

/ were immediately set to work profitably. So 
a Mr. Ransome’s patent stone; it did not seem to take 
= it was turned to making large grindstones, for which 
tien admirably adapted. e same thing might occur in 


case. This metal was already in profitable use for 
boining gas and water pipes, where it possessed considerable 


| advantages, not merely because lead required wedging in, 
| in order to make a tight joint, but very often trom the sith. 
| culty of getting at the under side of the joint, it was yond 
}- y accomplished; whereas this metal, from its fluidity, 
netrated all round, and so made a good piece of work of 
t. It must not be too —— taken for granted that its 
power of resistance was proved; because, though it had been 
ex for seven or eight months, that was really nothin 
!in _ of time; the bronzes thousands of agi ol 
which were still perfect, though others, imperfectly made, 
such as some in that metropolis, which were not twenty years 
old, were already decaying. The last time he had looked at the 
paws of the noble lions in Trafalgar-square, he noticed they 
were full of holes; and if some means were not devised for 
preventing further decay, their ruin was certain. However, 
what they had already heard, said a good deal for the dura- 
bility of this metal. It was oe certain they needed a 
material for the reproduction of works of art which should 
, be cheap, hard, aud durable. Sulphur itself had consider- 
able power of resisting atmospheric influence, and many 
| other reasons might be suggested why this compound might 
be expected to be durable; and if so, it would be a great 
boon for artistic purposes; but there were many other direc- 
tions in which it would be useful, as, for instance, the join- 
ing of iron railings to stone copings. Probably owing to 
guiveat action, lead, which was generally used, had a ve 
—— effect on the stone. fter the popular outbrea: 
n Hyde-park, which led to new railings being put up, he 
noticed within a yéar that at every ten or twelve feet, where 


the iron bars were thieker than usual, the piece of stone had 
been driven forcibly out of the curb, which entailed a large ex- 
pense in the repairs. Lead poisoning was another thing | 
which naturally occurred to one, and if this could be used as a | 
coating for pipes, or for the material of pipes, ifmot too brittle, | 
it would have double the advantage of preventing the decom- 
position of the lead, and also the possibility of ——- 
| The Secrerary narrated the tests to which he had subject- 
ed the specimens sent him by Dr. Cole. Wheu Dr. Cole 
first mentioned the compound to him, he said it was not | 
liable to be affected by acids, and he (Mr. Wood) then sug- 
gested that if a couple of specimens were sent to him, he 
| would himself test them, and relate the result to the meeting. 
| One of these medallions he put on the roof of the Society's 
house about a month ago, and as they all knew, during the 
intervening period, —— had had every possible description 
of bad weather. The time was not long, but if the material 
| had been at all subject to atmospheric influences, it could 
| hardly have failed to shew some signs; at any rate the 
| glassy surface would have been somewhat dimmed; but 
nothing of the kind was apparent. The other medallion he 
put into a basin with nitric and hydrochloric acid, about the 
| strongest mixture of acids known to chemists. The surface 
of this had certainly been affected, an’ probably there were 
no substances excépt gutta-perchu, or earthenware, which 
| would have esca a = iron hook, by which the medallion 
| was intended to S hung, dissolved entirely in a few days. 
| Dr. Cole also gave him a a of the compound, with which 
| he had experimented, and he found it exceedingly easy to 
work. Yuu could take casts as easily as with wax. The 
only thing necessary was to get the right temperature, At 
anything under about 320° it was pasty, and if you went 
much beyond that temperature it became pasty again, but 
between 32u° and 350° it was perfectly liquid, and could be 
poured into the very finest mould. He thought it rather a 
pity that a better name liad not been devised for the material, | 
as h was certainly not a metal. } 
Mr. Livesey said be had had some experience in regard to | 
joining gas-pipes, and he would state the result. Lead was | 
most unsuitable for this purpose in some respects, though it 
was universally used. It was expensive; it required calk- 
ing or — > to make it tight, because it contracted in 
cooling; and, if you wanted to remove the pipes—which 
constantly happened, except in the very largest mains—from 
the increased consumption requiring larger pipes, the use of 
lead prevented your getting out the pipes without cutting 
them, which occasioned considerable loss. Various means 
had been tried for drawing pipes, but all had failed, and | 
they always had to be cut. Another drawback was that 
lead, being valuable and easily disposed of, was constantly | 
being stolen. Now, this new metal was free from all these | 
disadvantages; the only thing which occurred to him, while 
listening to the paper, was that it seeme 1 a shame to put so 
beautiful a substance to so base a use; for when he looked 
| at those beautiful busts, it seemed a pity to use the same 
| material for joining gas mains. However, it had many ad- 
vantages for this purpose, not the least of which was its perfect 
soundness. The account given by Dr. Cole was quite ac- | 
curate. The four pipes jointed in the Old Kent road, as de- | 
| scribed, and supported at the two ends, were exposed to the | 
| most severe test, and when he purposely broke one of the | 
joints at the conclusion of the experiment to see what the | 
effect was, he found the metal had taken a perfect impres- 
sion of the cast iron. The South Metropoiitan Gas Com- 
pany were now using it instead of lead; the men had no dif- 
feulty in applying it; and the test required was that of 
time, of which he had no fear. The only possible difficulty 
was that workmen, being accustomed to use a fierce fire to 
melt the lead, might make the metal too hot, and so burn | 
the sulphur; but that could easily be against. If 
required, it could be easily cut out with a chisel in order to 
remove the pipes; and another advantage was, that if from 
any cause it did not run quite round a large pipe and make 
a perfect joint, you could clean out the part which had not 
been filled, put a fresh picce of clay there, and fill it up with 
a little more metal, and thus the joint was made quite sound. 
Mr. CREssWELL wished to one or two questions, not 
| with a view to throw a doubt on the utility of the inven- 
tion, but rather to elicit valuable information. And first, 
he wished to compliment Dr. Cole on his paper, which had 
the rare merit, not only of brevity, but of being written in 
|language so plain that any ordinary person could under- 
| stand every word. Though brief and simple, it contained 
|matter of considerable importance to the commercial inte- 
|rests of the country, because, if a substitute for lead had 
been discovered, it would be an immense advantage to 
every one, except, perhaps, those interested in lead mines. 
If, on the other hand, it would serve the purposes of art, he 
could not conceive a greater boon to the large class of 
| struggling population, who were endeavoring, both male 
and female, to earn a living by the pursuit of art. He 
| wished to know, in the first place, if this material, when 
‘used for jointing pipes, possessed any elasticity; because he 
| was told that it was absolutely essential to the permanence 
of gas-pipes under the London streets, with heavy traffic 
passing over it continually, that there should be a certain 
| give and take, or elasticity in the joints. If, when heavy 


with lead, and then calked the lead, and thus produced an 
elastic joint, which would yield to such an extent that you 
might bend the pipe without destroying the continuity of 
the joint. If, on the other hand, this metal was so brittle, 
that under any sudden pressure it gave way, it would be a 
formidable difficulty. The next question was this: He 
understood there was a project for bringing salt water to 
London from the sea, and one of the greatest difficulties, as 
he was informed, which the promoters would have to deal 
with, was to discover a joint for the pipes which would not 
be affected by salt water. If any means could be devised 
for cementing Ripes which would allow of salt water being 
conveyed from Worthing to London, and remaining in the 
pips for 48 hours or more, or even permanently, it would 
relieve the promoters of this enterprise of a great difficulty, 
and perhaps confer a great boon on the inhabitants of the 
metropolis. 

Caprarn Heataorn asked if there were any galvanic ac- 
tion between this metal and copper, and also if it had been 
left for some time at the bottom of the sea, to see if bar- 
nacles and such things would adhere to it? 

Mr. Wauier asked if it would expand and contract 
in the same proportion as water-pipes, if used for hot 
water? 

Mr. SPENCE said the joints would be considerably affected 
by hot water if the temperature were very high. Ordinary 
boiling water would not affect it; but, as it melted at about 
300°, if there were a steam pressure of about 40 Ib. there 
would be such an increase of temperature that the joints 
would not stand. It did possess a certain degree of elas- 
ticity. In one case, 30 feet of pipes were connected with 
this metal at the joints, and deflected to the extent of eight 
inches, and, when the weight was removed, the pipes 
recovered their original position, showing that it was elastic 
to some extent. With regard to expansion and contraction, 
he was hardly yet in a position to speak. He would take 
this opportunity of stating that if ever this meta:, as it was 
called, did take a place in art or industry, much of its suc- 
cess would be due to Dr. Cole, who had greatly assisted him 


‘in his experiments, and in elucidating the facts; and also to 


Mr. Livesey, who was the ‘irst to take it-up in a practical 


way. 

Mr. Livesey said lead was certainly not elastic; if you 
were to join four lengths of 9 ft. together with it, calkin 
it up in the ordinary way, and then knock out the cent 
supports, the upper part of the joints would squeeze into a 
narrower compass, and the lower would be left open, and 
when ee te were again brought toa straight line, the 
lead would not return to its original shape. Lead was not 
elastic in any sense whatever, and it was, therefore, a very 
bad thing for pipes. where there was any settlement or 
change of position. This metal seemed to have the effect 
of making the four lengths into one continuous, perfect 
pipe, which had just the same strength in the joints as any- 
where else. This was shown by the fact that when sup- 
ported at the two ends it sagged evenly throughout, making 
a continuous curve, whereas if the joints had been made 
with lead, there would have been a number of straight lines, 
with angles at the joints. 

Dr. Coxe said he believed that salt water would have no 
action on the metal whatever. The same with regard to 
galvanic action, for which it has been tested. With regard 
to barnacles at the bottom of the sea, he regretted to say 
that no experiments had yet been made in that direction. 
He would conclude by another experiment, to show how 
Tz the metal set, namely, coating a pat of butter 
with it. 

Whilst this experiment was being rformed, 

The CHAIRMAN proposed a cordial vote of thanks to Dr. 
Cole, which was carried unanimously. 


GILDING METAL SURFACES. 


A Monsteur P. A. Dop&, of Rheims, has patented in 
France methods of gilding (both brilliant and dull or matte 
——_ and cast iron and other metal surfaces by means 
sulphide of gold, applied either by brush or bath. His pro- 
cess consists in covering the metal under treatment with a 
thin yet solid coating of gold, presenting a very rich me- 
tallic appearance, and poolennd without having recourse to 
burnishing or polishing. 

FIRST OPERATION. 


Product No. 1.1 dissolve a kilogramme* of pure alum in 
a sufficient but the smallest necessary quantity of water. 
When it is completely dissolved, I pour on to it @ litre} of 
ammonia (alkali). The alam precipitates itself into the form 
of a very thick jelly, and I pour this ——s on to a 
filter, in order to draw off as much liquid as possible. The 
alum is next put into a porcelain capsule, and I add 500 
grammest of nitric acid, which has the property of re-dis- 
solving the alum. 

Then I put, for dissolving, in another capsule 150 
of carbonate of cobalt, with 200 grammes of nitric avid, and 
I assist the dissolving by the erate heat of a sand-bath. 
The dissolution being effected, [ pour it upon the dissolved 
alum, and both being well mixed together, I assist the com- 
plete evaporation of the acids by placing the capeule upon a 
strongly-heated sand-bath. I collect and p the prod 
and calcine it in a crucible by a strong heat before using it 
in the following composition: 

Product No. 2.—I melt in a crucible exposed to a brisk 
fire the subjoined composition, thoroughly mixed: 


Kilos. Grammes. 
600 


Orange oxide of lead.......... — 
Finely powdered white glass. .. ss+- 200 


4 800 


The meltin ates <itese’, I pour it into cold water, and 
afterwards gad rind the product by the means employed 
for grindin Spirits of turpentine are used in the 


e 

o tion of griftding, which must be continued until a con- 
erable degree of is obtained, in order to facilitate 
the working. If the product be too thick, the quantity of 


t ntine pn to reduce it may be added. 
Product No. at dissolve in a porcelain capsule: 


* A Kilogramme is equal to 2 Ib, 3 oz. 4 drms, 
+ The French /itre is a little less than the English quart. 


pressure was brought to bear on these pipes, they gave way 
| at the  foiat, the value of the joint was red to nil. In 
ithe ordinary way, you first the pipe, then filled it 


¢ A gramme is equal to 15}4 grains, or three-quarters of a scruple. 
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e real réle played by the ring 


the acids, leave the mixture to cool, and then add 150 that there is at least one method of winding the wires upon 
grammes of distilled water. This solution is placed aside, | its armature superior to that adopted hitherto in practice. 
and I then proceed to the following operation: | It is proposed to treat in the present article of the earlier and 
Product No. 4.—I1 put into a glass retort: | more general portions of M. Breguet’s research, reserving 
tt an account of his work on the Gramme machine and on the 
150 grammes of turpentine ‘ally | Siemens machine for subsequent occasions. 
taining 90 per cent. of sulphur (ass usually |" ‘The first rinciple laid down by M. Breguet is the essen- 
., Prepared by ee cheaniste) | tial reversibility of the Gramme and all other dynamo and 
40 of Venice Ped ro 4 | magneto-electric machines. Rotated by mechanical means, 
200 of essential olf of lavender. they supply a current of electricity derived from the energy 
I heat this mixture in a sand-bath until the liquid attains a | of a steam engine or other motor. But if you supply them 
deep red color, at which point I remove it and allow it to| with a current of electricity they will, conversely, rotate 
cool, When cvoled, | pour the mixture into a porcelain cap- | and turn the electricity back into mechanical energy. The 
sule, and then slowly pour the Product No. 3, taking care to | same thing is true of all electro-magnetic engines or electro- 
stir thoroughly and constantly the Product No. 4 with a| motors, such as those of Ritchie, Page, and Froment. They 
glass spatula. Owing to the difficulty of slowly pouring with | are intended to rotate by electricity, but if you rotate them 
one hand and stirring strongly with the other, I employ | by mechanical means they will furnish in turn a current of 
assistance in this operation. When the Product No. 3 is| electricity. This principle of reversibility extends even to 
poured out there becomes formed in the No. 4 capsule a very some unsuspected cases. Very early on in the history of 
stiff substance of a rich bright brown color. If the desired | magnetism Barlow found he could cause a wheel or disk of 
color be not at once obtained, I slowly warm the mixture, | Copper to rotate between the poles of a magnet by sending a 
stirring it all the while, and I remove it from the bath di-| current at the same time perpendicularly through the disk 
rectly after I observe that the desired change is effected. | from the axis to the circumference, where it passed into a 
When the above indicated condition is reached I let the pro-| pool of mercury arranged to make electric contact with as 
duct cool, as the gold has then separated from the acids. | little friction as possible (Fig. 1). In 1881 Faraday per- 
After becoming cool, I extract, as far as possible, the acids, | 
and place the mixture aside until the next day. I again ex-| 
tract what little acid may have become separated, and then, | 
without troubling myself shout the small amount of acid | 
left in the product, I pour upon it, drop by drop, taking | 
care to atir strongly as long as I notice a reaction, 50) 
grammes of ammonia (alkali), but “iis quantity is not always 
necessary. } 
The mixture is effected very easily. I allow it to remain 
two hours, and then I pour upon this product 300 grammes 
of essential oil of lavender. I then heat slightly, for the 
rpose of mixing thoroughly, and leave to cool. Then I | formed the converse experiment, and found that by mechani- 
ter the product by means of a paper filter, which I take | cally rotating a copper disk between the poles of a magnet 
care to steep in the oil of lavender in order to render it im-| he thereby generated a current in a wire the two ends of 
permeable to water. which touched the circumference and the axis of the wheel, 
The golden liquid passes through, whilst the ammoniacal | which were amalgamated over with ee so as to insure 
water remains on the filter, and the product thus obtained | better contact with the wire (Fig. 2). ere, then, is the 
is ready for use on leaving the filter. 
Many other methods for obtaining gold in this state 
have been described and applied to pareaeh. pottery, and 
lass, but are imperfect for application to metals, and, after 
aving tried them, I have been obliged to return to my own 
formula. It is not, however, this eons that I have the 
intention to patent, but the application of brilliant or dull 
fiding to metal, without burnishing or polishing, by means of 
ths, or applied by the brush with pure or alloyed gold, 
in suspension or dissolution, in fatty substances or essential | 
Psa according to the requirements of the desired applica- 


To obtain brilliant gilding upon wrought or cast iron, cop- = 
~~ and other metals, it is necessary to proceed as follows: reversibility 
@ objects to be operated upon should be very clean, free “The second matter which claims notice is the mutual in- 
from oxidation or any foreign substances; the objects being teraction of a magnet and a conductor which carries a cur- 
in such condition are slightly warmed to remove all humid-| 54: = We sometimes speak loosely of the displacement ofa 
pe A then a brush is dipped into the Product No. 2, and the | current caused by a magnet when we mean that the con- 
objects are coated, taking care to cover the same thoroughly of ductor carrying the current is displaced Although the term 
an even thickness, that is to say, the thickness technically | i, convenient, it is scarcely accurate: for we must distinguish 
known in oil painting as a round coating of color. The ob-| hetween mechanical force, or that which tends to move mat- 
jects thus covered are next — in a closet to preserve | toe and electro-motive force (so called), which tends only to 
them from dust, and there left for some hours to dry; after-| nove electricity in a conductor. The mechanical senna 
wards they are placed for heating in an oven similar to those | }¢tween magnets and current conductors which turn ma- 
pelle enamelers, and of a size appropriate to the objects | chines are obviously of the former class. These reactions, 
On their withdrawal from the oven the objects will have thetefore, te be studied frome of 
assumed a very brilliant blue-black aspect. After cooling hy applying a principle oes by pre ay 
they are ready for receiving the gilding, which is obtained the 
by dipping a brush into the golden liquid (Product No. 4), | currents. Furaday first recognized the significance of the 
and evenly covering the objects with a very thin coating. |. nalted lines of ‘magnetic force which are seen crossing in 
They are then allowed to dry for some hours, protected | curves through every magnetic field when iron filings are 
from the and again in sprinkled over it. Without necessarily attributing to these 
reviously described, care being taken to heat the objects | | 
jually, in order to prevent the blistering of the ang physical SO employ 
be transformation is spen to take place by the objects them did, to 
changing their blue-black tint and becoming yellow and en 
brilliant. It is at this point they should be drawn from the lines of force: First. the nes of force tend to shorten 
oven, when will become apparent the beauty and solidity of themselves. Secondly, lines of force lying in the same di- 
ether by hy liant than any | rection side by side repel one another. To these M. Breguet 
adds that a line of force, when it passes through iron or 
dt ging. guess 10 But oher metal cape of mat be 
remain satte, for the brilliancy is solely due to the degree of garded as if shorter than one of equal actual length — 
thick this ting. The ob dail th through air, so that the ‘‘ tendency to shorten ” may exhibit 
gilding will be dull.” | tendency to run through a magnetic substance 
Should it be desired to avoid the use of the Product No. 2, | ieee these simple principles Faraday was able to 
and gilding, | deduce the laws of magnetic attraction and repulsion from 
of ing Cages By Oore’nary | the figures formed by the lines of iron filings when sprinkled 
"The costing of gold when applied to polished metals be- | the magnetic decid whose propestien were thus to be 
comes brilliant, but it is necessary to apply a thicker coat- fo the 
ing upon cast iron, which is more porous, and matte or dull | petween two currents and between a current and a magnet 
gi ding is in like manner obtained upon rough metal; still it One of the figures obtained by Professor Thompson (vide 
always advantageous to make use of the Product No. 2, Fig. 3) enables us to study the action of Barlow's wheel: 
because it will economize three-fourths of the gold used | i “ 
upon plain metal. As must be observed, this application is | 
one of facility and simplicity, and at the same time not 
costly. 


DYNAMO-ELECTRIC MACHINES. 


Monsitevr ANTOINE Breovet, of the well-known Parisian 
firm of telegraph engineers, has, says Engi) cering, recently 
published a series of very me prey researches on the theory 
of the Gramme machine and other forms of dynamo-electric 
and magneto-electric generators, in the course of which he | 
arrives at some extremely interesting results, and clears up 
a number of points which hitherto have been comparatively and this figure M. Breguet takes as the basis of his theory of 
obscure in the operation of such machines. Starting from the dynamo-electric machines. The two square spots pnd 
first principles and the simplest experimental data, M. Bre- the poles of the magnet, and a point a little way from them 
guet propounds the successive steps of a logical chain of represents a metallic conductor perpendicular to the plane 
reasoning to link the grand discovery by Faraday of mag- of the figure, and traversed by a current which passes down- 
neto-electric induction with the applications of the aes ward through the round spot. This current produces a 
in the machines of Gramme and Siemens. He is thus enabled magnetic “field” all round it which, if the magnet were not 


to explain a point hitherto supposed irreconcilable with the- present, would consist of lines of force disposed in concen- | 


ory, namely, the practice of electrical engineers in setting | tric circles. But in presence of the magnet and its radiatin 
the ‘‘ brushes” or colleetors of the current in the dynamo- lines of force there is a mutual reaction, the nature of whic 
electric machines in an oblique position against the Commu- | can be learned by simply looking at the figure formed by 
tator, and unsymmetrical with respect to the field magnets the iron filings. The tendency of the lines to shorten would 
of the instrument. He not only explains this, but points | assuredly urge the conductor toward the poles of the magnet; 
out that it is an absolate necessity of the case, and that upon and in 


A current ing in the o 

pposite direction th 

| would urged in the contrary wire 

from the magnet. Conversely, if the conductor we away 

| chanically moved further away from the magnet q ~~ 

| would be generated of opposite direction to that w 

coment the the force of the hich 
ing proportional to the number of lines ¢ 

ina — of time. the con. 

ollowi . Breguet, we next pass to a consi , 
the first and simplest of electro-motors, as shown fn Fe 


This apparatus consists of a metallic conductor bent twieg 
at right angles and balanced on a center at a point X. The 
vertical branches carry little metallic-jointed appen 

which dip into the halves of a circular mercury eup di 

across by a diametral partition into two portions connected 
respectively with the poles vf a battery; and the whole is 
ge between the poles NS of a magnet, so | 1 wed that the 
ine joining the two poles is at right angles to the diametraj 
line. The conductor rotates upon its center so long as the 
current passes. We may consider separately the action of 
the magnet on the two vertical portions, L L‘, and on the 
horizontal portion, H. The action upon the two vertical 
portions of the conductor is best studied by taking a plan of 
the apparatus, as shown in Pig. 5, which gives in diagram. 


Fig 5 


matic outline all the working parts. The arrow indicates 
the direction of the current, which therefore ascends at L, 
and descends at L'. Comparison between the conditions 
which here exist and those which gave the magnetic figure, 
Fig. 3, with iron filings, will show a series of lines of force, 
of which the most characteristic will be the §-shaped curve 
shown by the dotted lines. Hence the tendency will be to 
displace L' toward the top of the figure and L toward 
the bottom, and their positions of equilibrium will be 
respectively C' and C. But if the inertia of movement ca 
the contact-breakers past these points and make them to 
the the current will be reversed, L 
being rawn toward C', and L* toward C. Hence there will 
be a continuous rotation, the direction of the current in the 
conductor being reversed at every half revolution when the 
moving wire passes through the position of equilibrium at 
CC. A little consideration will show that the action upon 
the horizontal portion, H, is similar, and adds itself to the 
forces producing rotation. 

Now suppose that, instead of the simple wire bent twice 
at right angles, a conductor be taken having the vertical 
branches prolonged into two ares, and carrying, as im Fig 
6, four little jointed contact pieces. We shall now require 


Pig 6 


| the mercurial cups to extend over 90° of arc, i. ¢., ex 

from C' only as far as 8, and from C only as far as N. 

we taken eight little contact pieces, each mercury cup need 
only have occupied one-eighth of the circle, or 45° of are. 
If the number were indefinitely increased, then the ares sub- 
tended by the mercurial contact cup might be diminished 
down to mere points at €' C. considerations holt 
equally good in the converse cases where the instrument is 
used as a generator of currents. 

One further step remains to be considered before we fas 
on to the application of these matters to the Gramme m& 
chine. Instead of the single wire we may take a wire cviled 
upon a frame, as in Fig. 7, and having many turns. On 
each wire of this coi! there will be a similar action; hence 
the total force of rotation will be proportionately greater 
when an equal current is used. In all the various arrat 
ments hereafter to be described, every single wire may 
considered in a similar way to represent a coil, and henee 
the figures may be made as simple as possible. It will be 
noticed that the single flat coil of Fig. 7, if wound upon @ 


| iron spindle and frame, virtually constitutes an armature d 

| the type introduced by Siemens, and applied by him ™ 

‘early magneto-electric machines, and also recently employ 
by M. Marcel Déprez in the excellent little electro 

| Which be has constructed. . 


rlow's wheel, where this goes on continually in| M. Breguet’s application of these ideas to the 


this ition will depeud whether the machine is better) the part of the disk lying between the axle and the mercury | machine and to the Siemens machines of modern type wil 
suited to be a geverator or an electro-motor. He further’ cup, the simple attraction becomes a movement of rotation. ' be dealt with in a subsequent article. 


| 


z I effect the dissolving of this by a moderately heated sand- explains, for the first time, re - 
bath, and then add two grammes of pure tin and two/ of ironin the armature of the Gramme machine. And, lastly 
rammes of arsenious acid. I evaporate about one-half of | he elucidates the action of the Siemens machine, and show 
| Pig 
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IMPROVED INSULATOR. 


insulator i trated is of the furm most used the 
Department in England. In this 
pose! Telerooved, and the telegraph wire held by binding 
we drmly attached to it and paseing round this groove. 


Fic. 1—ORDINARY ENGLISH PORCELAIN 
INSULATOR. 


This binding takes some time, and in some districts the 
binding wire is rapidly corroded and the attachment de- 

| In the new insulator—the invention of Mr. C. E. 
Orihton, of Newcastle—the porcelain cap is made in two | 


Fis. 2—CRIGHTON’S IMPROVED INSULATOR. 


parts, Aand B. The upper part of A is slotted and screwed, | 
shown by detached sketches, and a strong porcelain cap, | 
B, screws thereon. The telegraph wire, Ww, is simply 

dropped into place, the serrated steel wedge, E, dropped into 


PHOTOGRAPHING BY GASLIGHT.* 
By J. Unm. 

Tue art of taking pictures by artificial tis nearly as 
old as photography itself. No sooner had Daguerre’s dis- 
covery become known than the search for an artificial light 
was commenced, so that we could dispense with daylight 
during the fogs of November and the following dark month. 
Gaslight was tried, with parabolic and other reflectors, but 
the exposure was too long, owing to our slow-working 
chemicals. Then the chemical light was utilized, but the 
sudden flash and glare was too much for the sitter. The 
operator could not wait for the proper expression on the coun- 
tenance, nor study the light and shade to produce a well- 
balanced portrait. 

These objections are, to a large extent, done away with, 
merely through the discovery of rapid dry plates and the 
use of ordinary gas. ‘The gas apparatus is so arranged on 
casters that it may be wheeled to any part of the studio or 
right round the sitter, and any view of him may ‘be taken. 


principal reflector is the old oval concave reflector, five | 


feet long by three feet wide, balanced on an iron stand made 
of one and a half inch gas pipe, with sliding rods to work 
similarly to a head rest, to elevate or lower the reflector for 
standing or sitting figures. By an arrangement the reflector 
can be thrown forward at the top or bottom, so as to angle 
the direction of the rays of light. 

The gas burner is made by bending four pieces of half- 
inch gas pipe into rings so that each may easily go into the 
circle of the other, the outer ring being about nine inches 
diameter, each ring being attached to an inch supply pipe. 
Into these rings is drilled as many holes as will admit about 
one hundred burners, and to each ring or set of rings may 
be attached a stopcock, and the whole may be used or only 
part of the supply, for focusing. This burner is swung 
upon a rod, the ends of which rest on notched horizontal 


slits made in the sides of the reflector, so that when the re-| 


flector is tilted the light may be brought into its optical 
focus. By this arrangement the burner keeps its perpendi- 
cular or upright position. 

Over the burner is placed a glass funnel, twenty inches 
high and twelve inches diameter. On the top of this fun- 
nel is an iron pipe with a damper to regulate the draught, 
and partly to support the glass tube, which it fits. On to 


| this, again, is attached arod coming up from the stand ‘to 


steady all, and on the roof is hung an ordinary shop window 
reflector connected to a chain and worked with pulleys, so 
that it may be lowered or swung to any side. By this 
means the shadows are taken out of the background, and 
the light modified as required. The whole is fitted with 
India rubber tubing, so that the apparatus can be moved to 
any part of the studio. 

ithin the last few days a new burner of novel construc- 
tion has been introduced into Glasgow, and may be seen 
working every night at the corner of Argyle street. Mr. 
Fowlis, of the gas company, has kindly placed one of these 
new burners at my disposal to-night for experiments. The 
design of the burner is quite unique. The principal im- 
provement consists in directing the current of air by means 
of two glass cups placed one inside the other. 
_ admitted in a thin stream between the glass cups from the 

tiom. 

Round the interior of the jets is placed a diaph 
to add to the draught and assist combustion. he other 
part of the burner consists of six ordinary jets, which, by 
an ingenious stopcock worked by a lever when the gas is 
turned off, keeps a small jet at the side, and is lighted by 
shifting the lever half round the light of the side jets; but, 
as it would be a waste of gas to keep such a bright light 
burning all night, simply turn the lever a little more, and 


this turns off the six jets and lights one in the center. This | 


burner gives the whitest and best flame I have ever yet seen 


with the smallest consumption of gas, and will be found of | 


great use in photography. I shall place it in the reflector 
to-night and give it a trial. 
The use of gas for photographic pu has many 


_ purposes 
advantages over any other artificial light, namely, cheap- 


ness, steadiness, uniformity of color, clearness, and free- | 


dom from fumes and smoke. It is always ready, can be 
turned on at any moment, and the operator can observe the 
light and shade on the sitter and expression, which want is 
one of the defects of the “firework” system. With your 
permission I will now show the light. 


THE CHEMISTRY OF LIGHT.+ 
By Joun Epmonp L.R.C.S. 


Many and diversified are the effects produced in nature 
by light. Of these, some are easily seen and felt by the 
most unlearned, while others require the utmost attention 
from scientific observers and the most careful application of 
scientific art and knowledge to be at all realized. Of the 
former we may mention the illuminating and heating powers 
of light. Any one can form a a idea of the beneficial 
influence which these nave over lifeof plants andanimals. 
They are what may be termed ‘The common physical 
effects of light;” but the latter—which are for the most part 
chemical, and, if physical, require, owing to their intricacy, 
philosophy in its most abstruse form to explain—no common 
observer can elicit or set forth. From scientific study alone 
ean we explain the nature of light itself, the chemical 
changes which it induces among the many substances on the 


The air | 


m of 


have—either directly with its own beams, or indirectly by 
supplying us with combustibles to produce light artificially. 
For gas, candles, oil, and most of the substances used for 
producing light and heat, when burning, are but sendin 
forth the rays of the sun in another form, which were sto 
up in the wise economy of nature. Some lights, however, 
are purely the result of a chemical action, seemingly quite 
independent of the sun’s rays, such asthe lime, magnesium, 
and electric lights. 

Hitherto good photographs have only been produced b 
| direct sunlight, and yet there are many artificial lights whic 
are quite brilliant enough to give a picture; but each one 
seems to have its own particular objection. When a stream 
of oxygen and a stream of hydrogen, each under pressure, 
are brought and mixed within a few inches of the end of a 
blowpipe, the mixture burns, on lighting, with a colorless 

flame, possessing intense heat. If this flame be made to 
| play upon a ball of carbonate of lime, the lime on becom- 
ng white hot gives off a powerful incandescence. This 
light has been used in photography with some success; but 
its use is neither free from danger nor expense. When the 
| metal magnesium is rolled out into fine ribbon and heated to 
| a red heat it takes fire and burns with a dazzling light. This 
forms a useful light for photographic purposes when pro- 
rly toned down; but its expensive nature renders it use- 
}less for common photographs. Attempts have also been 
|made with pyrotechnic lights and even coal gas, but the 
| greatest of ai artificial light is the electric. This light, 
| whether produced by a series of galvanic cells or by dyna- 
| mic power, is the most brilliant and is evidently best suited 
| for photography. At present, however, it has the objection 
| of expense; but if the process of illumination proposed by 
Mr. Edison ever comes into general use, the question of ex- 
| pense being removed, this light, we have every hope, will 
become quite common in the taking of pictures when sun- 

light is not available. 

‘o understand the nature of light we have to suppose that 
there is an elastic fluid called ‘‘ ether,” which pervades all 
space and substance. It is exceedingly difficult to imagine 

| any such body which is in itself immaterial and is yet cap- 
able of conducting motion and force ; but we must remember, 
| also, that the nature of electricity is quite inexplicable, and 
/can yet pass both through solid and liquid bodies. When 
the particles or, more correctly, the molecules of a solid 
| body are set in motion, they have the power of setting this 
etherin motion. The movement thus produced, according 
| to the rapidity with which molecules are agitated, appears 
| either as Aeat or light. The fact that the ultimate particles 
‘of a solid body move round one another has to be assumed 
explain light. 
| "The modern theory of light, therefore, rests upon these 
| two assumptions, namely, that there is an etherenl fluid per- 
| vading all space and substance, and a continuous movement 
‘among the molecules of matter, capable of being increased 
| by agitation. If we observe the gradual heating up of a 
| piece Of iron through a prism we shall see that the iron is 
red before any appearance of illumination can be seen, but 
gradually, as the metal gets hotter, red rays are observed; 
then, as it hecomes hotter and hotter, yellow, green, and blue 
wil. appear, till at last, when the meial isa dazzling white, a 
spectrum of all the colors is seen. Thus, from the dull, red 
heat, which radiates only heat, tothe whiteness which gives 
a full spectrum, the movement of the molecules of iron 
round one another is gradually increased, emt | that the 
quality and brightness of the light depend upon the rapidity 
of this movement. The movement of the molecules sets the 
ethereal fluid in motion, and this motion, affecting the eye 
so as to produce vision, is called “light.” We say that a 
motion is produced upon the ether, because it must not be 
supposed that it travels with the rapidity of light; but the 
fluid being agitated a series of waves are set up, which, 
| when they reach the ether in contact with the eye, produce 
vision. 
| These ethereal waves are exactly similar to the waves pro- 
| duced by throwing a stone into water. The water is set in mo- 
tion, but the particles of fluid do not travel; they simply move 
up and down, one set of particles communicating the same 
motion which it received from those in contact, and so on. 
The water appears to radiate in all directions, but is in 
| reality stationary. So is it with light. The hot body is 
| Similar to the stone—the waves passing outward in all di- 
| rections, the position of the ether remaining unchanged. 
This wave motion is also illustrated in the production of 
;sound. One portion of air is agitated, which conducts the 
|same movement to a contiguous portion, thus producing 
| waves of air which, when they affect the air in immediate 
| contact with the aural structure, so affect them as to pro- 
| duce the sensation of sound. The length of the sound waves 
varies from about one inch to about thirty feet, but the 
light waves are infinitely smaller. These latter vary from 
the one-thirty thousandth of an inch on the red band to 
about the one-sixty thousandth on the violet. The time of the 
ethereal waves is still more remarkable, the wave times 
varying from the one-four-hundred-and-twentieth of the bil- 
lionth of a second on the red to the one seven-hundred-and- 
eightieth of the billionth of a second on the violet. Thus 
there are about from thirty thousand to sixty thousand of 
these waves in one inch of a ray of light, aad thet succeed 
each other so rapidly that from four hundred and twenty to 
seven hundred and eighty billions enter the eye in one 
second of time. The result of this rapidity is that, ——— 
light is — of different colors, the eye is unable 
distinguish tween them, and the result is white. 


face of the earth, the minute operations which it carries on | I have here an arrangement which will show that white 
in the tissues of plants, and the wonderful power with light is composed of the different colors. First, we have a 
which it operaies on the eye to produce vision and color. | dark box not unlike the camera obscura, only that it is 

You will thus observe that this is a very wide subject, and | a camera lucida: that is, the light, a jet of gas, is inside in- 
has so many phases that it would be impossible to give more | stead of out. The light is made to escape through a tube 
than a mere outline in one lecture. But as I have promised | in the side and pass through a double convex lens, the focus 
to make some researches on the practical part of the subject of which falls upon a bottle with two sides at an angle of 
bearing upon photography —the result of which I hope to | 60° and filled with bisulphide of carbon—a substance which 
bring before you at another time—and as I do not in the | bas great power in refracting light. This. you will observe, 
meantime pretend to be anything of a photographer, [ will | is a Scalia rism, and the white light which falls upon the 
only attempt to-night to give you a mere outline, as simply | one window is refracted from the other in itsessence, which 
as possible, of the new science called ‘‘ The chemistry of | you now see upon this sheet which I hold, namely, red, 
light.” To make this subject plain, I shall have to touch | orange, yellow, , blue, indigo, vidlet—in fact, the col- 
upon many points which are purely physical, but I will | ors exactly of the rainbow. You see on the wall a diagram 
endeavor to avoid all manner of detail which might be unin- of these colors. The red rays—which, you will remember, 
teresting. ' have the longest waves—are the least refrangible, while the 

The prime source of light in our planetary system is, of | violet, whose waves are shortest, are the most refrangible, the 
course, the sun. This body, which is supposed to be white green being intermediate. It 1s most remarkable that the long 
hot, emits an intense illumination spreading in all directions waves have most effect upon the eye and the shortest least; 
frem its surface; but in what way its heat is kept up it is | for you all know that the eye soon gets tired when looking 
very difficult to explain. Certainly it is an iMlumination of | fixedly at red, while it ponders with ease upon the quicker 


{great power, and is the source of almost all the light we | but calmer waves of the blue. 


When a ray of light falls from one transparent medium 
|to another of different densities the Hight eaid to be 


* A commanication to the Glasgow Photographic Association. 


fracted. If the ray falls uPon a denser medium, it 4% re- 
a eee fracted to i a perpendicular but, if 
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from the yy This is true so long as the surfaces 
are regular, but if irregular the case is different. When the 
surface is regular, as in plate glass, the ray assumes a course 
parallel to its original one; but when the surface is irregular, 
as in a prism, it is bent into a different course altogether. 
Thus, in the prism, if a pencil of parallel rays falls on one 
side, those rays which have the greatest distance to travel 
in the glass will be refracted most, the others least; so that 
the pencil of light takes a course at an angle to its original 
one. Now, if you take two prisms and place them base to 
base, and let a beam of light fall upon them, the rays pass- 
ing through the thin end of the one will take a downward 
course, while the rays at the thin end of the other an upper. Of 
course these must bisect one another, and this is the principle 
of the lens. A bi-convex lens is simply a double prism, and 
the point at which the rays bisect is the focus. 

Now, let me draw your attention for a little to the con- 
struction of the eye. This drawing represents a section of 
this most important organ, with a beam of light falling 
straight upon its surface. It is needless for me to say that 
you are all well acquainted with the camera obscura, but 
very likely you know little of the eye; and I have to tell 
you that the two are built upon the same principle, and, 
with the trifling difference that the former is square while 
the latter is round, they are essentially the same in many 
particulars, In the camera obscura you have a dark box 
with an aperture to admit light; you have lenses to bring 
the light to a focus; and you have a sensitive plate on which 
to fix the object. So with the eye. We have here also a 
box, with a good coating of dark pigment on its sides, we 
have an aperture to admit light, lenses to bring it to a 
focus, and an extremely sensitive surface on which the pic- 
ture is to be fixed. 

The outside coat of the eye, called the ‘ sclerotic,” is a 
tough membrane, the front part of which forms the ‘‘ white 
of the eye.” Beneath this is a very dark coat filled with 
pigment, and is cailed the ‘‘ choroid coat.” Internal to this 
still is the expansion of the optic nerve called the ‘‘retina,” 
which forms the sensitive surface. The eye contains four 
lenses, which together have the power of bringing the light 
to a focus on the retina. The first of these is the cormea, 
the horny window in front; next, the aqueous humor be- 
hind ; next, the crystalline lens—a small, transparent, bi-con- 
cave lens; and last of all we have the vitreous humor—a 
jelly-like substance which fills the interior of the eye. Be- 
tween the cornea and the crystalline lens is a most delicate 
and beautiful structure, the pupil. This isasmall muscular 
screen with an opening in the center to admit tbe light. 
This pupillary membrane is composed of circular and trans- 


which these are formed we could get no fi 

The most interesting part, however, of this subject is the 
chemical effects of light in the process of photography. 
When the negative plate is ex to the action of light 
some change is produced, which, however, is not seen till 
after it is put into the developing bath. The plate has a 
pellicle of some transparent solid, such as gelatine, mixed 
either with chloride, bromide, or iodide of silver in presence 
of nitrate of silver, either before bein 
dipping into the developing solution. e chemical actions 
which go on are these: On exposure the chloride, iodide, 
or bromide of silver is reduced to the subchloride, iodide, 
or bromide—a form of the salt much more sensitive to de- 
composition. When, therefore, the exposed negative is 
dipped into nitrate of silver and then into a solution of fer- 
|rous sulphate or pyrogallic acid, wherever the light has 
| affected the surface of the plate the subsalt formed by the 
| light is now decomposed into silver and deposited as a dark 
stain, while the chlorine, bromine, or iodine formsmore salt 
| and nitric acid is set free; this reacting with the sulphate 
| of iron and water, the oxygen of the water goes to oxidize 
the ferrous into ferric sulphate; while when there is no more 
| nitrate to react with the chlorine, bromine, or iodine, these 
|respectively go to the hydrogen of the water, and form 
| hydrochloric, hydrobromic, or hydroiodicacids. When the 
plate is then washed in hyposulpbite of soda all the salt of 
silver on which the shadow fell having remained the same 
during all this process of developing, is now washed away, 
owing to the hyposulphite of a forming a double hypo- 
sulphite of soda and silver, which is very soluble in water, 
as well as the chloride, bromide, or iodide of soda, which 
; are also very soluble in water. 
| In using the plates = the only difference is that no 
nitrate of silver is left adhering to the plate, as it is well 
| washed, dried, and then coated with a thin coating of tan- 
| nin, or some such substance, to prevent scratching and to 
| preserve the film containing the silver. It is rendered more 
firm by the tannin and gelatine forminga firmer substance 
| than the gelatine itself, Plates used dry in this way require 
| to be dipped in nitrate of silver before putting them into the 
bath, in order to keep up the reaction already described. 
The chloride of silver is the most sensitive to light, but the 
| most sluggish in the reactions of the bath, while the iodide 
is least sensitive to the light, but most active to the changes 
| which go on in the process of developing. The bromide 
stands intermediate. This is the reason why Bs mostly 
now make the negative films with bromide or iodide, so that 


that without the sunlight to call into play the actions by | any estimate of his merits as a discoverer. 


exposed or before | 


verse muscular fibers, The circular, on contraction, lessen | the shadows may not be too harsh, while for the sensitive 
the open space which admits the light, while the transverse paper for printing the pos:tive it is mostly the chloride that 
on contraction greatly dilate the orifice. By the alternate | is used. he chlorine in the chloride of gold used in ton- 
contraction of these fibers the amount of light which enters | ing plays a similar part to the same element with the silver, 
the eye is regulated, and in this way too much light is | the chlorine becoming hydrochloric acid, and the gold _pre- 


never allowed to enter, the sensitive coat being so delicate 
that it might be injured by a great influx of light. 

When the light is brought to a focus upon the retina an 
irritation is produced, which is carried along the optic nerve 
to the brain, which results in the sensation of vision being 
realized. But the eye resembles the camera still further; 
for it has been found that not only is the image set upon the 
retina, but even some chemical change takes place, as in the 
case of the silver plate. When an animal is covered with a 
cloth, allowed to look at an object, and then instantly killed 
and the eye opened in a yellow light, an image of the object 
is seen of a pale purple color, which fades to gray on being 
exposed to white light. When the focus of the light, pass- 
ing through the eye, is brought, not exactly upon the retina 
but a little in front, we have short sight; but when a little to 
the far side, we have long sight. In either case the optician 
has to introduce a fifth lens in the form of glasses to correct 
the focus. 


all the colors; but, as there is in the spectrum an endless 
variety of hues, surely these cannot be all pure sensations 
of color. Thisis a very disputed point, but it is generally 
admitted that there are only three sensations of color, 
namely, red, green, and violet. 
of Cwand green, with a preponderance of red. Yellow is 
also a mixture of these two, with a preponderance of 
green; and blue and indigo are mixtures of green and 
violet. But we never, indeed, see a pure color, for even the 


red has a little green and less violet, while violet, also, as we | 


see it, is tinted with green and red. It may seem curious 
that yellow is a mixture of red and green, as every one knows 
that when yellow and blue are mixed, a green is produced. 
We have here to remember that pigments and spectral colors 
are different, in that the former are seldom so pure as to pro- 
duce the exact result which mixing the latter would produce. 
For if we remember that red, green, and violet in equal pro- 
portions form white—-that is, no color is seen—the 
tion of green from yellow and blue pigments is easily ex- 

lained, Blue is two of green and one of violet, while yel- 
ow is two of green and one of red, Thus, the one of red 
and the one of violet go with one of the green to form white, 
and three proportions of green are left free; so the pigment 
is now of a bright green color. There is, in fact, no green 
pigment to exactly represent the pure sensation, and we have 
generally to produce it in this way. 

Let me now mention a few of the purely chemical effects 
of light, and this will bring me to touch upon the 
chemistry of the photographic process. Sunlight has 
the power of forming the green coloring of plants called 
*‘chlorophyl.”” This substance has a powerful chemical 
action on the substances which are presented to the plant 
for food. The carbonic acid gas, which is the refuse breath 
of all animals and a product of most forms of combustion, 
is continually being poured into the air, This gas is incapa- 
ble of supporting life, and is said even to be a poison. Now, 
if it were allowed to accumulate it would thus in time pol- 
lute the air. But the same gas which is the refuse of 
animals is food for plants by the power of the sun, for the 
chlorophyl can decompose it when it is absorbed by the 
leaves, keeping the carbon for food to the plant, and letting 
the leaves throw out a stream of life-giving oxygen back to 
the air in order to purify it for the use of animals once 
more. 

Plants also take up water both from the ground and the 
air, as well as matters containing nitrogen in solution, The 
poy gb causes reactions between the different substances 
to form the constituents found in plants. Water and carbon 
form starchy compounds, and water, carbon, and ammonia 
form the very important nitrogenous compounds found in 
the tissues of plants. The food which we use is thus all 
provided for us by the power of the sun; for we either eat 
the vegetable substances themselves or the animals which eat 
them. 

The most important of foods contain carbon, hydrogen, and 
oxygen, such as starch and sugar, or they contain these in 


Thus, orange is a mixture | 


tated as a fine, purple, metallic film. 
his diagram of the spectrum is intended to illustrate the 


You see a line drawn from beyond the red to the yellow; 
the rays within this space consist mostly of heat, some of 
| which are, of course, invisible. Then there is a line drawn 
| from the beginning of the red to the end of the violet, and 
| these are called “‘ light rays.” Then, again, we have a line 
drawn from the green to a point considerably beyond the 
| Violet, and the rays in this part of the spectrum are called 
| chemical rays.” Now the red and yellow rays of light act 
| most upon the chloride of silver, and this is how it does not 
| do for negatives. These colors act less upon the bromide 
and still less upon the iodide of silver. The green, with the 
| blue and violet, act upon the bromide, while only the latter 
| affect the iodide. Thus in sunlight the best pictures are pro- 
duced by a mixture of bromide and iodide of silver on the 


effects of the different colors upon the silver compounds. | 


addition to nitrogen, as in gluten and many compounds, so | from whatever source derived, must not be 


sight of iy 
tack came from De la Rive, who attributed 


the 
odor 
tallic oxides set free from the metals used as electrode 
‘terminals in electric discharges. But Schénbein poimegt™ 
that, besides the improbability of an odor arising frm aut 
| bodies, this hypothesis required that solid bodies 
have the indefinite suspension in the 
| instead o' ing deposited or washed down b 
1843). 
The next attacks came from Fischer, who regarded 
bein’s ozone as grou: peroxide of hydrogen. and 
Williamson, who thought there were two kinds’ of 
one the ozone given off in electrolysis, and which he 
garded asa higher oxide of hydrogen, differing from ~ 
previously well-known peroxide and the other foam na 
the action of phosphorus on moist air. But Schoubein de 
posed of both objections: of the first, by showing that the 
chemical and ge 5 = properties of ozone are not the proper 
ties of peroxide of hydrogen; and of the second h 
strating that, whatever might be the true nature of ozone 
the us matter obtained in the electrolysis of Water was 
in all respects identical with that formed by the action yn 
air of moist phosphorus (1844-1845). 7 
During these first five years, Schinbein was busily ep. 
gaged in ascertaining the properties of ozone. Since go 
peculiar methods were employed in the furtherance of these 
discoveries a need not detain us here further than brief 
to summarize them, and to point out what corrections wd 
been rendered necessary by the labors of subsequent investi. 


ators. 
° They are: 1st. Its eminent oxidizing powers, as shown by 
its ability to transform most metals into their higher Oxides, 
and to raise the lower oxides into the condition of peroxides, 
Certain of the non-metals—phosphorus, chlorine, bromine 
and iodine—are similarly oxidized. Schénbein’s statemen: 
that it does not unite with nitrogen under ordinary circum. 
stances, but euters into combination when alkali is present, 
has been abundantly disproved; among others, by Berthelot 
(1878), who has shown that po combination occurs, eye, 
when alkali is present. It oxidizes sulphites and nj 
into sulphates and nitrates, and many sulphides into their 
corresponding sulphates. It destroys (as has since bee 
more elaborately demonstrated by Houzeau, 1872) 
gaseous compounds of hydrogen, like those with 
selenium, phosphorus, iodine, arsenic, and antimony, It 
discharges vegetable colors and powerfully attacks many or. 
ganic bodies. The nature of its action in the latter cag 
has been more extensively studied by Gorup-Besanez (1 
and he has described the products of the reactions which 
occur when ozone is allowed to act upon organic substances 
alone or in presence of alkali. 

2d. According to Schénbein, ozone is insoluble in water, 
The observations of subsequent experimenters conflict on 
this point, but there appears to be much evidence to show 
that it is soluble in water, though only in small degree, 

3d. Schdnbein pointed out that atmospheric air strongly 
charged with ozone acts powerfully on the mucous mem. 
branes, and produces symptoms of catarrh. This and his 
analogous statement that ozone is present in the atmosphere 
and plays there a very important role, attracted to the sub- 
ject not attention, but enlisted as observ. 
ers a multitude of students of medicine the world over, who 
hailed the newly discovered body as an invaluable then. 
peutic agent, and rushed forward to establish, by sufficiently 
numerous observations, the relations between its presence 
or absence in the atmosphere, and the kind and prevalence 
of disease. Thirty years have passed away, and neither an- 
ticipation has been realized. Indeed, at the present hour, 
the possible value of ozone as a therapeutic agent is obscured 
by its having fallen into the hands of empirics; and the mul- 


negative, while in the use of artificial light, which always | tiplication of inexact observations, and the crude and hasty 
We remarked before that white light was a mixture of | contains too much red and yellow, it is evident that the generalizations therefrom, have covered with a sort of ecien- 
| tific opprobrium the whole subject of atmospheric 


iodide alone ought to be most successful. 

| This brings me to speak, in conclusion, of the tinting of 
plates. 
ride, bromide, and iodide of silver side by side, the first is 


‘of a pale yellow. Now, when light passes through a 
| colored body the light is found to have lost yellow; this is 
| the reason of the black lines in the spectrum of the sun. 
The vapors of the particular metals absorb the same color 
which they give off when burned. This is a similar fact in 
regard to red and yellow acting less upon the iodide, simp] 

because it reflects these colors from its own surface, me | 
therefore, hinders them from decomposing the silver. By 
| tinting the negative still higher some photograpbers have 
, succeeded in making many colors which come out white turn 


You will observe that when we precipitate the chlo- | 


pure white, the second is yellowish white, while the third is | 


What causes have Jed to these lamentable results im the 
past? What prospects are there that both subjects can be 
reinstated in good scientific standing in the future? 

And first, with regard to ozone as a therapeutic agent. 
Without considering at present the unsettled questions of a 
medical character as to the proper mode or amount or pro 
priety of application, we apprehend that there bave been 
hitherto three grave instrumental difficulties. 1st. To ob 


‘tain ozonized air or oxygen of known strength and of ade- 
/quate purity. 2d. It is doubtful whether in one form in 


| up the usual bronze shade, and it is affirmed that in a similiar | 
| temperatures, that it is extremely difficult to demonstrate 


} manner the natural colors may be taken in their own hues 
| if only they could be fixed, which has as yet not been accom- 
| plished to any great degree. 


LINES OF DISCOVERY IN THE HISTORY OF 
OZONE.* 


By Ausert R. Leeps, Ph.D. 
I.—ITS ORIGINAL DISCOVERY, SOURCES, AND PROPERTIES. 


_ Tue history of ozone begins with the clear apprehension, 
in the year 1840, by Schdnbein, that in the odor given off in 


| the electrolysis of water, and accompanying discharges of | 


frictional electricity in air, he had to deal with a distinct 
jand important phenomenon. Schdnbein’s discovery did not 
| consist in noting the odor; that had been done by Van Ma- 
| rum, more than half a century before, but in first appreci- 
| ating the importance and true meaning of the phenomenon, 
|For while Van Marum, Cavallo, and others who followed 
them, connected the odor with the electricity, calling it the 
‘electrical odor,” or ‘‘ aura electrica,” and thus made it the 
pro 


to the peculiar form of matter operated upon. 


science with a host of acquisitions. 


the kind of matter producin 
| tical, Schdnbein fixed his di 


since that time, besides electrolysis, electrical influence, and 
the action of air upon moist phosphorus, no other sources of 
ozone of practical utility have been discovered. 


* Read at meeting of the N. ¥. Academy of Sciences, January 12, 1880. 
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| 
| 


The hypothesis of Van Marum necessarily remained bar- | aimosphere, as well as by ozone. 
ren of fruits; that of Schénbein speedily enriched chemical | ducting the observations is in its nature inexact, 


Clinging tenaciously to the doctrine that there could not | increase the resultant errors. 
be a variety of origin for one and the same odor, and that | - 
it in every case must be iden- | the methods at present in use are abandoned in favor 

scovery by giving to that one| others more in harmony with those pursued in ed 
| and certain kind of matter the name of ozone. By adhering | branches of gas analysis, and when reagents are employe 
| to this guiding clew, he added, as a third source of ozone, | which will assign true values to the amount of ozone 
the action of moist phosphorus upon air (1840-1848); and | termined. 


The fact that Schdnbein so stoutly insisted and eventu-| was far Jess fortunate than in bis multiplied i 
ally so triumphantly established the identity of the ozone | its sources, properties, and applications. The 


which the attempt has been made to employ ozone in medi- 
cine—that of ‘‘ozonized water ”—any ozone whatever has 
been present. Such was the case with the ‘‘ ozone water” 
of Krebs, Kroll & Co., in which Rammelsberg found eile 
rine. Since ozone is so slightly soluble in water at common 


the fact of solution, the proposition to employ ‘‘o 
water” as a remedial agent opens a wide door to quackery. 
8d. It is certain that, from the mixture of potassium pet 
manganate and sulphuric acid, which has been and is recom 
mended as a convenient source of ozone for medical use, D0 
ozone, but merely chlorine and oxides of chlorine (due to 
impurities in the permanganate) are derived. ; 
hese errors have been exposed and the difficulties over 

come. There is no obstacle to having in the office of 

hysician, the sick-room of the patient, or the wards of the 

ospital, ozonizers suitable to each place, and adequale 
supply ozonized air or oxygen of known strength and purity. 
This being the case, it remains for the therapeutist to do 
part of the work and to discover when and how qzone is # 
be employed in legitimate practice. 

Second: to detect the amount of ozone present at a0y 
me or place in the atmosphere, and the role this atmo 
spheric ozone plays as a disease-excitant or prophy 
The objections which vitiate the observations hitherto 
are two in number: Ist. The ozonoscopes hitherto emp 


ti 


Joyed, 


rty of an imponderable agent, Schénbein ascribed it; Houzeau’s and the Thallium test included, are all 


es possibly present in the 
2d. The con- 
aD 

allowed to 


by some one of the gaseous bodi 


tions in wind, temperature, humidity, etc., are 


Advance in this direction is to be looked for only aa 


Il.—THE NATURE OF THE CONSTITUENT MATTER OF OZ0SE 
In his speculations upon the nature of ozone, Schobel 
nquiries 


that time of procuring air or oxygen containing more! 
a minute percentage of ozone and of manipulating it We 
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~ ined , 80 that precise quantitative investi-| nitrogen, Dr. Hunt says: ‘‘In considering such combina- 
en kw with formidable obstacles, and prob- | tions as SO, and SeO,, which contain three equivalents of 
gos that reason were rarely instituted by Schdnbein. | the elements of the oxygen group, it was to admit 
ape bt forth a variety of hypotheses, thus introducing | a normal species which should a polymere of oxygen, 
He ee ralnty into a confessedly difficult subject, and | and be represented by O;=(OOO). replacement of one 
great itating the labors of chemists during nearly a quarter | equivalent of ee by one of sulphur would yield sulphur- 
tury for their complete overthrow. ous acid gas ( ), and a complete metale would give 

a earliest hypothesis was that ozone is a compound con- | rise to (SSS). The first compound is probably the ozone of 
of hydrogen and oxygen. This, in 1844, he aban-| Schdnbein, which the late researches of Marignac and De 

in favor of the theory that ozone itself is elementary, | la Rive have shown to be in reality only oxygen in a pecu- 
along with hydrogen enters into the composition of ni-| liarly modified form,” etc. The hypothesis herein stated, 
- n, which is a compound substance. that ozone is triatomic oxygen, necessarily involved the as- 
wine following year he reverted to his original hypothesis, | sumption of a corresponding difference in density and other 
and while maintaining strenuously that ozone is not per- — properties—differences admitting of exact quanti- 
oxide of hydrogen, he nevertheless upheld the view that it | tative proof or disproof. Such were the experimental diffi- 
posed in certain known proportions of hydrogen and | culties in the way, however, that it was not until 1860 that 
oom an investigation was made into the volumetric relations of 
9 ‘second hypothesis was overthrown by the experi-| ozone to oxygen. The experiments of Profs. Andrews and 
ments of Marignac and De la Rive, who showed that ozone | Tait then resulted in ishing that, where perfectly pure 
could not be derived from the decomposition of nitrogen, | and dry oxygen is converted into ozone, under the influence 
uch as they obtained it by passing electric sparks | of the silent electric discharge, it becomes more dense, the 
through perfectly pure and dry oxygen. "They proved the | amount of contraction being proportional to the quantity of 
jtant body to be ozone, by a it to react on moist | ozone produced. Also, that when ozone thus condensed is 
sever and potassium iodide, with the formation of argentic | exposed for a short time to a temperature of 270°-300°, it 


xide and iodate of potassium. They explained these | expands to its original volume. That the increase in den- | 


ions by supposing that, under the influence of the elec- sity is exactly proportional to the amount of ozone formed 
a dchevs®. the oxygen had acquired an electrified condi- | was proven by an analysis of the contracted by means 
tion, with exalted chemical properties; in other words, that | of potassium iodide. € 
quone is oxygen and oxygen only, but oxygen in an electri- | set free was precisely equivalent to the weight of a volume 


fied state. Plausible as was this explanation, there was | of oxygen equivalent to the volume of the contraction which | 


ing in the experiments, water having been present in| the oxygen had experienced in the process of ozonation. 
ae en eeee caese and potassium fodide, confute | The same laws were demonstrated to hold good with regard 
the different interpretations brought forward by Schdnbein, | to electrolytic ozone, not only by these authors (1860), but 
that ozone was oxygen, to which in some way was added | also by Von Babo and Claus, and by Soret (1863). 
the elements of water. Nor was this point settled by a more} Andrews and Tait found great difficulty in reconcilin 
elaborate experiment of the same nature, instituted by Fre- | the theory of the allotropism of ozone with their expert- 
my and Becquerel, in 1853, who demonstrated that when a | ments, inasmuch as the oxidation of a body like mercury, 


percentage of ozone obtained by this process (0°15 per cent. 
at the maximum) is not sufficient to render the process worthy 
of consideration for commercial or manufacturing purposes. 
But it would be wei! for sanitary —— and for medical 
practitioners to determine, by a sufficient number of prop- 
erly conducted experiments, whether this method of gene- 
rating ozone is available for disinfection and in therapeutics. 
It will probably be found that, for disinfection on a small 
scale, it can be practiced with advantage, and also for ozo- 
nizing feebly the atmosphere in sick-rooms; but for disin- 
fection generally it is inapplicable, and for direct therapeu- 
tic use the met of the silent electric discharge is more 
e t. 
he production of ozone by electrolysis is not capable of 
employment in the arts, for not only is the volume of ozo- 
nized oxygen thus obtained necessarily small, but the per- 
centage of ozone, under the most favorable circumstances 
(water contuining one-sixth of sulphuric acid, and cooled to 
the temperature of 0°) is but 2 per cent. 
| The method of the silent discharge is that which affords 
| by far the best results. By this method oxygen containing 
between 5 to 6 per cent. of ozone has been obtained, and by 
| suitable apparatus large volumes of this highly ozonized 
oxygen may be produced. 

e is soluble in water, but the amount dissolved is ex- 
tremely small, and the solution is not permanent. For these 
| reasons the proposition to employ the solution of ozone in 


he amount of iodine in every case | water, either in the arts or in medicine, is to be entertained 


with great caution. 

The fact that ozone is contained in the atmosphere has 
/never been incontestably demonstrated. For all the tests 
usually employed to ascertain the presence of ozone in the 
‘atmosphere (ozonoscopes) are all affected to a greater or less 
|extent by bodies other than ozone, which at one place or 
| another have been found to exist in the atmosphere, such as 
nitrous acid, peroxide of hydrogen, etc. Hence the tests 
| which are made at the present time with ozone test paper 


certain volume of oxygen is confined over an aqueous solu- | ——_— iodide, ete., was effected without any diminution | cannot be unquestionably accepted as indicating either the 
n 


tion of potassium iodide, moist silver or mercury, al of the the volume of the contracted gas. In other words, the 
oxygen undergoes absorption by the reagent, under the in- | density of the allotropic oxygen concerned in this oxidation 
fluence of a sufficiently prolonged series of electric sparks. | was apparently infinite. They — <% therefore, to explain 
The first to abandon the theory thet hydrogen is a con- | the origin of ozone by the assumption of a decomposition of 
stituent of ozone was Schénbein himself (1849). He em- | the oxygen. 
ployed air, ozonized as yey! as possible by moist phos- 
,and afterward dri 


presence or the amount of ozone. 

Finally, ozone consists of oxygen, and of oxygen only. It 
differs from ordinary oxygen in the fundamental particular 
that the molecule of ozone consists of three atoms of oxygen, 

| while the molecule of ordinary oxygen consists of only two 


But in 1861, Odling put forth the interpretation that ozone | atoms. Hence the weights of equal volumes of ozone and 
y passage through a sulphu-| was a compound of oxygen with oxygen, the combination | of ordinary oxygen are as 114 to 1, the density of the former 


rie acid drying-tube. That water was employed in the gene- | being attended by a contraction. Hence, if one portion of | being one-half as much again as that of the latter. At all 


ration of the ozone was not from Schdnbein’s point of | the combined or contracted oxygen were absorbed by an 
yiew an essential element in the problem: it was whether | oxidizable body the other portion would be set free, and by 
this ozone, after drying, still contained the elements of its liberation might expand to the initial volume. He like- 
water or hydrogen. | wise suggested that this contraction might consist in the 
Three hundred liters of the desiccated air were passed | condensatign of three volumes ot oxygen into two volumes, | 
through a narrow glass tube heated to redness, in order to not because this ratio was the only one which would explain | 
decompose the ozone, and then through a second sulphuric the volume and density relations, so far as then known, but | 
acid drying-tube. Since the latter, in repeated experiments, because, on the bypothesis of the dual nature of oxygen, | 
showed no increase of weight, Schénbein regarded the ab- | this was their simplest possible explanation. 
sence of hydrogen in ozone as conclusively proven. Atthe| Four years later, Soret discovered that a —_ remarkable 
same time he iid not accept the views of £ atonal and De reaction occurs when electrolytic ozone is allowed to act | 
la Rive, declaring that to him the existence of an allotropic | upon oil of turpentine. Its volume is diminished by a vol- 
modification of a gaseous body was inconceivable. | ume equivalent to twice that of the oxygen corresponding 
For a long time, however, the theory that ozone was a to the iodine set free on passing the ozonized oxygen into a 
compound of hydrogen and oxygen prevailed. It derived | solution of iodide of potassium. The latter, it will be re- 
weight from the experiments which had been made by | membered, is the same as the diminution in volume which 
illiamson, in 1845. He prepared ozone by electrolysis, | the oxygen undergoes in ozonation, and may be called the 
and to avoid obtaining along with the ae oxygen contraction volume. Hence the two volumes of ozonized 
any hydrogen, used oxide of copper dissolved in sulphuric oxygen, absorbed in Soret's experiments, contained not only 
acid as the electrolyte. The gas was dried over calcium their own volume of oxygen, but also that contained in the | 
chloride, and then passed over ignited copper turnings into | contraction volume, or, in all, three volumes of ordinary | 
asecond drying tube. This uniformly showed an increase | oxygen. The density of ozone, therefore, was to the density 
of weight. The copper, previous to ignition, had been re-| of oxygen as three to two, or 1°6584, the density of ordinary | 
duced by carbonic oxide, and not by hydrogen, in order to | oxygen being 1°1056. 
prevent the possibility of any occluded hydrogen being | ret inferred rather than demonstrated these relations, | 
given up, on ignition, to the stream of ozonized oxygen. _| inasmuch as in his first set of five experiments the ratio of 
views were apparently confirmed by Baumert’s ex- | the total volume of ozonized oxygen absorbed by the turpen- 
ey (1853). He passed the electrolytic oxygen evolved | tine to the contraction volume was 2°4, and in his second 
such 4 manner as to exclude the presence of hydrogen, | set of seven experiments, 1°8!, both of these results being 
through a very long sulphuric acid drying tube, and thence | far from 2, the theoretical number. 
into an absorption apparatus containing potassium iodide,| However, in 1872, Sir Benjamin Brodie, by the introduc- 
and provided with a sulphuric acid bulb-apparatus to con-| tion of methods of exact volumetric character, supplied a 
dense evaporated water. In case the matter of ozone and | rigorous experimental demonstration. He obtained in a set 
oxygen were identical, the weight of oxygen equivalent to | of eight concordant experiments made with oil of turpentine 
the weight of iodine set free by the ozone should have been | for the ratio between the whole diminution in the volume of 
equivalent to the total gain in weight by the abscrption ap- | the original oxygen to the diminution in volume of the ozo- 
paratus. But, according to the experiments, this weight nized oxygen, as a mean result, 3°02 to 2°02. Operating in 
was less, and the numbers apparently assigned to electroly-| the same manner, with a neutral or slightly alkaline solu- | 
tic ozone, the formula H,O3. And since Baumert found | tion of sodium hyposulphite, he obtained as a mean result 
that ozone pre by the electric charge could not be| of twenty-seven concordant experiments, the ratio 3:02 to 
made to yield up the elements of water on strong heating, | 2°02. In these experiments the actual weight of the oxygen 
while that prepared by electrolysis could, he regarded the | absorbed could not be determined otherwise than by calcu- 
two as different bodies, the former as allotropic oxygen, the | lation from the alterations in volume. But by the oxidation 
as peroxide of hydrogen. of stannous chloride, under ome conditions, he effected a | 
Thus, the old hypothesis, against which Schdnbein had | direct determination, and found that the weight of the oxy- 
80 long striven, that there were two (and ibly more)| gen absorbed from the ozonized oxygen by the stannous 
bodies of the nature of ozone, was rehabilitated. It was | chloride was almost exactly three times the weight absorbed | 
finally overthrown by Andrews (1856), who showed that the | from the same gas by potassium iodide. At the same time 
yep, Sige are on electrolytic ozone had been viti- | the volume in the first case was almost exactly twice the 
— by t eee of a small but appreciable quantity of | contraction volume, as determined by the latter reagent. 
mic acid, which, unless ve’ t precautions be taken, , 
is always present in the | n very numerous ex- 
periments, he showed that the weight of active oxygen was| Let me sum up briefly, in conclusion, the most important 
equivalent to the weight of the iodine set free in the abso ints which the very numerous investigations of the last 
tion apparatus, and therefore no hydrogen as well could | forty years have established relating to the nature’and proper- 
ve been present; also, that the properties of electrolytic | ties of ozone. Its most striking property is that from which 
ozone and that obtained by the action of the electrical spark | it derives its name: its very peculiar and characteristic smell. 
on pure and dry oxygen were identical. More especially it | This smell is not the odor of phosphorus, or chlorine, or of 
Was shown that both were converted into ordinary oxygen, | the oxides of nitrogen, to all of which odors it has at differ- 
ata temperature of about 237° C.; and from the whole in-| ent times been compared; it is the odor of ozone, and of 
vestigation the author drew the conclusion, which was con-| ozone only. At the present time there are only three sources 
firmed uy the still more elaborate experiments of Soret, in | of practical utility from which ozone may be derived. These 
1863, and is now universally adopted, ‘‘that ozone, from | are: Ist. The oxidation of moist phosphorus in air. 2d. 
Whatever cause derived, is one and the same substance, and | The decomposition of water acidulated with sulphuric acid 
Snot acompound body, but oxygen in an altered or allo-| by the galvanic current; and 8d. The operation of the 
mM. Assertions have recently n made that t ody pro- 
~THE EXACT NATURE OF THE RELATIONS EXISTING BE-| 4.004 in the first case is not ozone, but peroxide of hydro. 
a a a gen. ‘These assertions have ignored the fact that the body 
an have seen that Marignac and De la Rive, as the result | given off in the action of moist phosphorus upon air has the 
{ their experiments performed in 1845, had enunciated the | peculiar odor characteristic of ozone, while peroxide of hy- 
view that ozone was oxygen, rendered allotropic by its pas- | drogen has little or no smell. Also that this body is decom- 
Pu into a peculiar electric state. They proposed to aban- | posed | the action of heat into oxygen, and oxygen only, 
the name “‘ozone,” which assumed an independent | while if it were peroxide of hydrogen it wo yield, on 
ner existence for this body, and to call it merely ‘‘elec-| heating, not only oxygen but water also. It is true that 
. OXygen.” This view of ozone was not readily sus-| some peroxide of hydrogen is formed by the action of the 
ceptible o investigation by usual chemical methods. But | moist phosphorus on air, but its quantity is very minute as 
fase was different with the hypothesis which was shortly | compared with that of the ozone evolv The amount of 


his nnn advanced by Dr. T. Sterry Hunt, in 1849. Since|ozone obtained in this manner is naught at 41° F., from 
intuition of a truth not fully demonstrated until twenty | which temperature the amount regularly increases until the 

is of a very striking character, it will be interest- | temperature of 68-70° F. has been attained,from which point 

ing = ape it as originally announced. In a paper on the | the amount rapidiy diminishes. But even at these tempera- 
presented in conducted, the 


the atomic volume of sulphur and! tures, and in whatever way the operation is 


temperatures higher than the boiling point of water ozone 
undergoes resolution into ordinary oxygen, the change at 
330° F’. being almost instantaneous (97 per cent. undergoing 
decomposition at once), and at 387° F. both instantaneous 
and complete. 


COBALT AND NICKEL—THEIR DISTINCTION IN 
MIXED SOLUTION. 


By Dr. G. Papasoatt. 


Ir a strip of zinc is plunged in a solution of the double 
cyanide of nickel and potassium, we observe, suddenly, 
or in a short time that it is covered with small bubbles 
which gradually increase and form a continuous gaseous 
commter®. while upon the zinc nickel is deposited in the 
state of a black powder, and around it there are produced 
dense clouds, formed by an intensely red liquid. 

This liquid is the solution of a new salt of nickel in po- 


tassium cyanide, having a greater density than the medium - 


in which it is found, and descending to the bottom, and 
Mw Laas it colors the whole mass of the liquid a 

On attentively observing the progress of the reaction, it 
was seen that the coloration reached a maximum limit, at 
which the double cyanide must have undergone a complete 
modification, but the compound which is formed becomes 
modified in its turn, since the coloration slowly decreases in 
intensity, and finally disappears altogether. The author 
considers that in this experiment the red cclor which is de- 
veloped bee we on a new combination of cyanogen and 
nickel produced by the reduction which the cyanogen un- 
dergoes from the action of the nascent hydrogen evolved, 
when a small particle of the metal is deposited upon the 
slip of zinc. This opinion is confirmed by the following 
experiment: 

n causing a solution of the double cyanide of nickel and 
zinc to be traversed by an electric current, and, having care 
to keep the two platinum rheophores separate, so as to ob- 
serve separately the action of the ee and the hydrogen, 
there was observed at the negative pole where hydrogen was 
evolved a reddish coloration, more or less intense, accord- 
ing to the quantity of nickel present, while at the positive 
pole there was no coloration. This experiment shows that 
the zinc takes no part in the reaction, but is merely a means 
of evolving hydrogen. The same result is obtained if alumi- 
num is applied in place of zinc. 

If the experiment which has been made with the double 
cyanide of nickel and potassium is repeated with a double 
cobaltic cyanide, it is seen easily that the reaction above 
mentioned is peculiar to the former metal. 

If a slip of zinc is immersed in a solution of the double 
cyanide of cobalt and potassium the metal becomes covered 
with a black powder and a us envelope, but there is 
not the slightest coloration. such a solution is traversed 
by an electric current, it remains colorless at the negative (Zn) 
pole, but assumes a maroon coloration at the positive (Cu), 
A. peters. to para-cyanogen mixed with an oxide of 
cobalt. 

The author next sought to ascertain if the presence of co- 
balt injures the reaction, preventing it altogether, or render- 
ing it less sensitive. He finds that it is totally unaffected, 
and that, on experimenting either with the slip of zinc, or 
with the electric current, it is possible to detect 0:0005 of 
nickel mixed with an excess of cobalt. In such delicate 
researches it is necessary to operate upon very concentrated 
solutions. 

There is no want of characteristic reactions for the detec- 
tion of cobalt and nickel, when they are separate from each 
other, and which permit to recognize cobalt when mixed in 
all proportions with nickel. But it is not so when a small 
quantity of nickel is mixed with cobalt, in which case it has 
been difficult to establish its presence. 

Although nickel, when alone, displays very salient cha- 
racteristics, they are all masked by the presence of cobalt. 

In a note on the alkaline Lay tery apres as reagents for 
cobalt, the author made known that on treating a solution of 
the double cyanide of cobalt and potassium with any of 
these polysulphides, there is produced an intense red color- 
ation, liar to cobalt, upon which the simultaneous pres- 
ence of nickel has no appreciable influence. 

The author proposes the following — based upon 
these two reactions, for the recognition cobalt and 
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To an seid solution of the two metals is added a slight ex- 
cess of a solution of the hydrate of potassium, to precipitate 
the metals in the state of basic salts. The precipitate is al- 
lowed to settle, the alkaline liquid decanted off, and the de- 
mp repeatedly washed to remove the excess of potassa. A 

ew drops of ammonium chloride and of ammonia are then 
added, and it is heated in a slight excess of potassium 
cyanide. 

Care must be taken, as far as possible, not to stir the solu- 
tion of the double cyanide,to prevent the absorption of 
atmospberic oxygen. If the double cobalt solution is con- 
verted into cobalti-cyanide, the addition of au alkaline poly- 
sulphide no longer produces the red coloration mentioned 
above. 

The solution of the cyanides is then divided into two por 
tions. To the first are added a few drops of the ammonium | 
powentessee. so that it may form a stratum above the cyan- | 
de solution. If in the plane of contact of the two liquids | 
there is observed a red coloration, this indjgates the presence 
of cobult. The reaction is independent of the presence of 
nickel, and is sensitive to the fourth, and even the fifth 
decimal place, if only the solution is highly concentrated. 

In the other portion of the solution is immersed a small 
slip of zinc: if the liquid contains nickel, there will be ob- 
served, besides the gaseous envelope, an intense red color- 
ation, which shows itself over the whole surface of the slip, 
but especially at the lower part. The presence of cobalt 
does not interfere with this reaction, which is still produced 
even if the solution containing the cobalt has absorbed 

f the solution is concentrated, the sensitiveness of the 
reaction extends to the fourth decimal place. The presence 
of ammoniacal salts in excess, retards, and even hinders, the 
reaction. 


| average, and it is for this reason t 


The elements necessary to be known before any approxi- 
mate value can be put on a given cargo are: 
ist. The number of hogsheads from which the sample has 


been taken. 
The obtaining of an average sample has to be done with 
great care, and considerable discretion must be exercised 


by the sampler, as very often a large number of bhogsheads 
are found mixed in with a given lot of sugar which are 
quite inferior in grade. In such cases it is always well to 
make a separate sample of the same and count the number 
of hogsheads found. Experienced samplers consider that a 
handful of sugar taken, by means of an auger, from 20 to 
50 per cent. of the number of hogsheads in a given lot, 
thoroughly mixed together, is a fair average of the lot. In 
all hogsheads except centrifugal the hogsheads are bored in 
the center, and then at the foot. In centrifugal, besides 
being bored at the foot, the hogsheads are bored about 4 
inches from the top to save loss of sugar. The samples 
weigh about 16 lb. At best it can only be hoped to obtain 
in the ordinary run of sugars an approximate to the true 
hat great care should be 
exercised in the consideration of the other factors, so that 
no more errors can creep in. 

2d. The brand of sugar, whether it be a centrifugal, 
Museovado, molasses, clayed Manila, Pernambuco, Melado, 
domestic molasses, etc., etc. 

8d. The color, according to the Dutch standard. This is, 
of course, a very important element to know, as the cost of 
decolorizing a dark-colored sugur is not to be ignored. 

4th. The presence or absence of excess of gum. This 
can be determined by feeling the sugar. An excess of gum 
hinders the rapid filtration of sugar, and also increases the 
expense in decolorizing. 

5th, The depth of foots in the hogsheads, Overlooking 


The solution of potassium cyanide used should be con- 
centrated, but an excess in quantity should be avonded, | 
especially if the quantity of nickel issmall. If an excess of 
the cyanide 1s used, then, on immersing the slip of zinc, 
there occurs suddenly a strong evolution of gas, which dis- 
perses the red coloration, and makes it difficult to perceive 
the reaction. 

To avoid this inconvenience the author places in the solu- 
tion to be examined a slip of platinum, joined at one ex- 
tremity to aslip of zinc. The greater portion of the gas 
then envelops the platinum, and as the red color forms 
only around the zine, it is less readily dispersed, and the 
reaction remains more sensitive.—Gazzella Chimica Italiana 
—Chemical News. 


THE PRACTICAL DETERMINATION OF THE 
VALUE OF THE SUGARS OF COMMERCE. 


By Hewry A. Mort, Jr., Ph.D., E.M. 


Tuts is a problem to which great attention has been given | 
by planters, iinporters, refiners, and government officials. | 
Its consideration by scientific men, then, seems most im- | 
portant. It is the object of this paper to present the views 
of the author, which have been acquired after carefully 
studying the subject under consideration. Owing to the 
many constituents which enter into the composition of 
sugar in the ‘‘crude” or “raw” condition, and to the 
fluctuations in the proportions of these constituents, also the 
variance in the color of the sugar, and, above all, the diffi- 
culty in obtaining an average sample that will represent a 
cargo, it becomes almost next to an impossibility to arrive 
at anything more than an approximate estimate of the value 
of a cargo of sugar, on a small scale, necessary for labora- | 
tory investigations. Still, many very valuable indications 
as to the value of a cargo of sugar may be obtained in the | 
laboratory, which, when combined with other indications, 
such as the brand, the color, the depth of foots, etc, , will enable 
one to arrive at an approximate estimate as to its real value. | 
To assert that it is possible to obtain anything more than an 
approximate value would be simply to assert that which 
could not be demonstrated. From these remarks, however, | 
a chemist must not be led to suppose that great care and ac- | 
curacy has not necessarily to be adopted in their examina- 
tions. On the contrary, the greatest possible care is neces- 
sary; and it should be the object of every chemist to perfect 
the process he adopts for the examination of sugars, so that 
every possible error will be eliminated. By doing this it 
will be possible, then, to arrive at a truer basis for estimat- 
ing the value. The constituents which enter into the com- 
position of raw sugars are as follows: 


Cane sugar. 


Dextro-glucose, 
Inverted sugar, 
Water. 

Gum. 


Coloring matter. 

Aconitic, acetic, and oxalic acid. 
Other organic substances. 
Albuminoids, ete. , not determined. 
§ Salts normally present. 

Sand, etc., abnormally present. 


Organic matter, 


Inorganic matter, 


~ 


Although it is impossible as yet to determine the percent- 


and not allowing for this element may be the cause of great 
loss. In Trinidad sugars, when “‘ green” (or new), the foots 
vary from 5 to 12 inches, but generally from 6 to 8 inches. 
| When the sugar gets old the foots vary from 5 to 7 inches. 


|In Martinique sugar, when green, the foots vary from 4 to 


8 inches; when old, from 5 to 6 inches. The hogsheads are 
smaller for Martinique sugars than for Trinidads. the former 
| holding only 1,200 to 1,300 Ib., while the latter hold from 
| 2,000 to 2,500 lb. In molasses sugars the foot amounts to 
from 8 to 5 inches in the green sugar, and from 0 to 3 inches 
in the old. 

In Cuba-Muscovado sugar there are from 5 to 6 inches of 
foots in the green, and 2 to4 inches in the old sugar. 
In centrifugal sugar, in the green, from 1 to 2 inches of 
foots are found, and in the old from 0 to2 inches. The 
foot of a sugar will test all the way from 2 to 10 per cent. 
less than the sugar itself. o 

6th. The general condition of cargo. This is all im- 
portant, for often the cargo is so badly damaged by water 
that it becomes next to an impossibility to obtain an average 
sample, or, in fact, a sample which will in any way truth- 
fully represent the same. 

jth. The per cent. of cane sugar present. 

8th. The per cent. of impurities. 

9th. The per cent. of dry substance; and— 

10th, The per cent. of sugar in the dry substance. 


Many of these factors can be obtained outside of the labo- 
ratory, such as régards the sample, the brand, the color, the 
gum, the depth of foots, and conditions of cargo. Of the 
other five factors, only two have actually to be determined 
in the laboratory, which are: 

1st. The percentage of cane sugar present. 

2d. The per cent. of water from these two. The other three 
can be easily obtained by calculation. It, therefore, becomes 
a matter of very great importance that the processes for 
determining the percentage of sugar and water should be as 
accurate as possible. Many processes for the determination 
of sugar other than by the use of the saccharometer have 
been suggested from time to time; and although some of 
them are quite short, and give quite accurate results, espe- 
cially the process proposed by P. Casamajor with methylic 
alcohol, still I think it is generally conceded that while 
such processes are of value when saccharometers cannot 
be readily obtained, they are not to be preferred when 
the saccharometer is at hand. Of the various instruments 
on the market, it becomes an important problem to deter- 
mine the one most suitable for the examination of sugar. 
To make the selection properly, it becomes necessary to 
know the distinguishing features of each instrument. One 
point can be decided, though, at the start, that the instru- 
ments which require only 16°35 grammes to be dissolved 
and decolorized in 100 c.c. are much to be preferred for 
dark-colored sugars than the instruments which require 
26°048 grammes of sugar; forthe simple reason that it is 
far easier to decolorize 16 35 grammes than 26°048 grammes 
in the same number of cubic centimeters. 

The answer to this is, that instead of 26-048 mmes of 
sugar, half the quantity can be weighed out, and the result 
may be multiplied by two. This is, however, very objec- 
tionable. as it opens room for errors; and any deviation in 
the reading of the instrument from the correct, when multi- 
plied by two, makes a very serious error. 

To those who have had the facility to work with both in- 


uge of all these constituents, still chemical analysis admits 
of the determination of the more important elements, and | 


struments, and have had to work on dark-colored sugars— 
especially those known as domestic molasses—cannot help 


the following table contains the results of several analyses | but arrive at the conclusion, that while 26:048 grammes 


water of a dark-colored sugar is entirely too wmsinal 

pared without using weight, and then m 
result by two. Ultiphying ‘the 
| It is for this reason I prefer the instruments 
only 16°35 grammes of sugar where general work js 
done, including all grades of sugar and molasses; but 
light-colored raw sugars and refined sugars are’ exami 
the other instruments are equally as good. ned, 

We find on the market a variety of instruments - 
polarimeter, Mitscherlich polarimeter, Duboscq polarimet 
Duboseq soleil saccharometer, Ventske soleil pol ; 
Ventske-Scheibler polariscope, Jellet’s saccharometer Wila’s 
polaristrobometer, and Laurent’s penombre. Biot’s instre. 
ment was constracted by him for the examination of }j 

possessing the power to rotate polarized light. It w 
~ rumentof the kind constructed, and 
to improvement. Mitscherlich constructed an instrpment f, 
determining the amount of cane sugar there was in raw ~ 
as also in thesugar beet. His instrument, therefore, wag Used 
in German beet-sugar works. Mitscherlich found by care 
conducted experiments that in his instrument an aqueous go. 
lution of sugar containing 30 grammes in 100 c.c., when ex. 
amined in a 200 mm. tube, rotates polarized light 40 angular 
degrees, if the appearance of the “teinte de passage” js 
looked to; hence, each degree on the disk indicates 9-95 
gramme of crystallizable sugar. 

Duboseq found that when he dissolved 16°35 grammes of 
pure sugar in water and diluted it to 100 c.c., and then 
examined the solution in a 200 mm. tube, it gave the same 
rotation as a quartz plate 1 mm. in thickness. He divided 
the distance corresponding to such displacement of the 
wedges in 100 divisions, so that each division equals 01635 
gramme cane sugar. 

Ventske, on the contrary, used for his original researches 
a sugar solution of 1:1 specific gravity (corresponding t 
26°048 grammes sugar in 100 c.c.), and marked the deviation 
100, and arranged his scale so that each division indicates 
0°26048 gramme of crystallizable sugar in 100 c.c. 

Wild's polaristrobometer, the original Du and Lav. 
rent’s nombre, all use the monochromatic light, fp 
Wild’s instrument there are two scales, one for cane sugar 
determinations only, and indicating, if a 200 mm, 
column be inserted for each division, 1 gramme of sugar in 
one liter in solution; while the other represents the angular 
degrees for the examination of beer. 

‘he Laurent penombre has combined the simplicity of 
construction of Biot and Mitscherlich instruments, and is 
great improvement on them. It has a crystal of bichromate 
of potash, which only allows the yellow light to pass 
through. The disk bears a scale for 16°2 grammes of sugar 
in 10) c.c., as also a scale for angular degrees. If empty 
and adjusted, the field of observation appears with a yellow 
tint, the half of which darkens when a polarizing liquid is 
inserted; but as one-half of the field remains intact, the ori- 
ginal tint can be restored in the second half. It is claimed 
by some observers—Stciner,* for example—that there are 
two advantages for an observer working with a yellow flame; 
first, that the disappearance of black can be more 
watched than any change of color; and, secondly, that the 
defect of Daltonism is of no consequence whatever. These 
two claims I consider entirely without foundation. I will 
admit that the disappearance of black is readily noticed, 
| but that is not all; it is necessary to get the two sides of the 
field exactly the same yellow tint—which is quite difficult 
with dark yellow as compared with a light rose tint, or 
even a very light yellow. 

' [have worked on this instrument considerably, and am 

' fully satisfied it is not sufficiently delicate to enable one to 
read one or two tenths. The best instrument, in my opinion, 
is the Duboscq soleil, which only requires 16°35 grammesof 
sugar, and is all arranged with the necessary tubes for test- 
ing by inversion—a point ignored by the Germans—and has 

|a sufficiently long scale on the right of the instrument for 

| such purposes. 

| Some of the causes of error in the laboratory, and towhich 

| particular attention should be given, are: 

ist. The graduation of the flasks used. The idea that 

any 100c.c. flask is applicable for operation is a serious 
mistake, and often the cause of errors amounting to two or 
| three per cent. What is wanted is a flask graduated so that 
it will hold 100 grammes of water. This is very easily ac 
complished now, owing to the investigations of P. Cass 
major—which are fully described in a back number of the 
«Journal of the Amer. Chem. Soc.” 

9d. As the scale on the various instruments made t 
make succhgrometric determinations is seldom correct, it is 
very importantto compare the same with the scale of & 
standard instrument. wo instruments sent to me for veri- 
fication, although associated with a certificate from Dr 
Scheibler as to their accuracy, 1 found the scale gave 2 per 
cent. too high a result; and in the other 1g per cent. too 
low a result. I found it necessary in each case, after expe 
rimenting with the scale, to reject them, and to determines 
large number of points (56 in all) on another piece of ivory, 
and have a new scale made, which can well be imagined ‘ 
tedious undertaking The reason why it is not practicableto 
make a scale by dividing the space in 100 parts between the 

»int where 0 is registered with pure water, and where 100 
4 registered with 26°048 grammes or 16°35 grammes of per 


Use 
to be 


which I have from time to time had occasion to make: of a light-colored sugar in 100 ¢.c. is not too much, that © SCIENTIFIC AMERICAN SUPPLEMENT, No. 201. 
ANALYSES OF REFINED AND RAW SUGAR, BY DR. H. A. MOTT. 
Constituents, | Orpnulated Soft... com Contrit,| | | Meledo. 
Cane sugar* ...... | 99°8* | 911 80°7 98°9 89-1 80°0 91°2 80°5 93-2 78:1 
Inverted sugar. ... 3°39 9°21 1°21 3°65 41 5°30 3°20 9°30 
Cae 02 3°23 4°72 “65 425 671 2°2 5°60 1°20 9°00 
Organic matter}... | 1-89 4-45 tous 4-69 6-04 1-49 6-19 1°33 1°29 
Inorganic mattert.. 0:39 0°92 0°82 3°60 101 1°41 1:07 231 
100°00 | 100°00 100-00 100-00 10000 100-00 100°00 100-00 100°00 100-00 


* Corrected teat by i 


inversion in all cases. 


+t Gum, coloring matter, aconitic, acetic, and oxalic acid; other organic substances; albuminoids, etc., not determined, 
¢ Salts normal; mineral substances abnormal. = 
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sugar in 100 c.c., is, that the two planes of. the 
toetly Or edge ” which move the indicator of the scale are 
ifever parallel. It is, therefore, best in making ob- 
tions, even on the most correct instrument, to set the 
rae nent: that is to say, the scale with a quartz piste in 
vicinity where the tests are to be made, ins' of set- 
the the instrument correct at 0°, and then working at the 
ting end of the scale in the eighties or nineties. 
To determine the accuracy 0 the various instruments used 
Wall St., I took my quartz plate to each laboratory and 
he it d. The test given me varied from 97-2 per cent. 
96'1 per cent., almost one per cent. This I considered 
» poor testing, as the quartz plate was nteed to test 
97% per cent. The Pana was not in the test, however, 
ts ip the fact that very few of the instruments were set 


correctly. 

ked each of the following chemists to set 
correct, and then examined the quartz 
plate again. I also examined the same on each of their in- 


struments as follows: 


From this experiment it will be seen that the difference in 
the instruments in Wall St., when they are set correctly, is 
only #2", which is sufficiently accurate; but unfortunately 
they are not always set accurately, as one chemist sent me, as 
stated above, 97°2 per cent. as representing my quartz plate, 
while another sent me 98°1 per cent. This shows the neces- 
sity of setting the instrument at least once if not twice a 
day, a8 an error of 0°9° is perfectly inexcusable. 

gd. If two different observers are to examine a given 
sugar solution on the same instrument, it is all important 
that each observer set the instrument at the start with the 

wartz plate before reading the strength of the solution; as 
& eyes of some observers differ materially in reading when 
the instrument is set for one and not for the other observer. 

4th. It has been stated that error may arise by screwing 
the ends too hard on the glasses of the tube, but there is no 
foundation for this whatever. 

Sth. Error often arises from not mixing the sample to be 
examined carefully. It is best in every case to pound the 
sugar in an iron mortar,so as to ‘insure there being no 


6th. The weighing need only be carried to one centi- 
gramme in delicacy, but it should be as delicate as this. 


7th. Error arises from the use of too large a quantity of 
bone-black, as also from the improper use of small quan- 
tities, This point has already been considered in another 
paper. 

Sth. The most reliable and satisfactory results are ob- 
tained by the use of a concentrated solution of salt (sodium 
chloride) and tri-plumbic acetate to decolorize a solution. 
The addition of too large a quae is objectionable, as the 
precipitate formed occupies too much space. For dark sugars 
4c.c, of the salt solution and 6 c.c. of the lead solution will 
be quite sufficient to give a clear, light-colored solution when 
1635 grammes of sugar are used instead of 26-048 grammes. 
To determine the fact that the use of these proportions do 
not influence the percentage of sugar, I have conducted a 
number of experiments: 16°35 grammes of granulated sugar 
was dissolved in water and diluted to 100 c.c., and tested. 
It gave 99°8 per cent. The same quantity was again 
weighed out and the above proportions of salt and lead solu- 
tion were added. The filtrate from the solution tested exactly 
the same, 99°8 per cent. 

I repeated this experiment with sugars of inferior 
fain with identically the same results, which demonstrated 

volume occupied by the precipitate did not influence 
the result. 

%th. Error arises, and serious error, in attempting to read 
dark-colored solutions. 

itis always best to reject any solution which is even a 
dark yellow. When it is even the slightest orange color 
it is worthless for accurate observations. 

10th. Error, I have already stated, arises by taking half 
the normal weight of sugar and then multiplying the result 
by two; this should be avoided as much as possible. 
1th, Error often arises in writing down the indications 
of the instrument, as also reading the same too quickly. It 
is therefore best, if the method I am about to describe is not 

» to weigh out the sugar to be tested twice, and pre- 
pare two solutions, and test each solution separately, and 
write down each result separately. It is true this would give 
twice the work, but it is also true that the test may decide 

purchase or sale of thousands of dollars’ worth of sugar, 
‘wd any small mistake in the test would be a loss of hun- 
of dollars. 

18th. Error arises by adopting the various areometer 
methods for the determination of water in sugar. To this 
su I have devoted considerable attention, and have 
a hundreds of comparative results, which have demon- 

ated the falsity of the indications of areometers. In a 
of sugars which, by more exact processes, 

~— the presence of 11¢ to 2 per cent. of water, showed 

reasonable to suppose that indications 
——~ ‘reometer could be worth anything when applied to a 
imme ee" 8nd then claimed to be correct when applied to 
the a of varying per cent. of soluble impurities, if to 
Which ony there is added some theoretical correction 


ioe based upon the actual fact of the case, but on 


ving experiment will illustrate the varying 


A 
wate sugar pare, according to the 


Another sugar gave 4°5 per cent. water by drying in air-bath 
lover sulphuric acid and in vacuo, whilst the areometer, ac- 
| cording to one method, gave only 0 per cent. and by the 
other 1°5 per cent. water. With alittle practice I consider 
|it possible to tell within one per cent. the amount of water 
|in any sample of sugar by feeling the same, and more re- 
| liance can be placed in this met than it is possible to 
| place in the areometer method. 

There can be no question but that for the rapid deter- 
|mination of water, drying the same in vacuo is the 
|most reliable method. We may now to the method 
which, in my opinion, should be adopted for the determina- 
| tion of the true per cent. of cane sugar in a given sample. 

Instead of 26-048 grammes or 16°35 grammes of sugar being 
taken, ten times the quantity should be weighed, that is 
| 260°48 grammes for the Ventske, and 163°5 grammes for the 
Laurent or Duboseq instrument; this should be dissolved in 
water and poured in a flask, graduated to exactly 1,000 
grammes of water. If the solution is very dark, add 40 c.c of 
concentrated salt solution and then 60 c.c. of triplumbic 
acetate, and then dilute to the 1,000 mark. If the sugar is 
light a much less quantity of decolorizing reagents may be 
used. Shake the mixture thoroughly and filter about 100 
'¢.c.; put 50 c.c. of this solution in a small graduated flask 
to be inverted, and test the remaining filtrate directly in the 
|instrument. By taking so large a quantity of sugar we are 
| sure of getting a fair ave sample, which is next to im- 
i in the majority of raw sugars when only 16°35 or 

‘048 grammes are taken. This I have demonstrated any 
number of times by testing the same sugar several times— 
the difference in some instances amounting to from 05 to 0:75 
of a per cent. whenjthe greatest possible care is used. I con- 
sider it necessary to invert the sugar, as numerous experi- 
ments have demonstrated that the other substances present 
which affect polarized light, and which are supposed to neu- 
tralize each other, do not, except in very pure sugars, where 
“< only exist in very small quantities. 

he test for cane sugar, as igpese by the direct test, I find 

gh and in others entirely too 


in some cases entirely too hi 
low. 

The process for inversion is very simple. To the 50 c.c. of 
filtrate in a small flask add 5c.c. of HCI (containing 5 per 
cent. of SnCl,) and shake thoroughly, then heat in a water 
bath to 6°8° C. It is best to allow the solution time to cool 
until its temperature is about 80° C.; it can then be tested in 
the instrument, noting the temperature. Add this test 
to the direct test and refer to Clerget’s table—follow 
the column corresponding to the température down un- 
til the number nearest to the two tests added together is 
reached. By following then the line horizontally to the 
column A, the per cent. of sugar is given. 


Granulated sugar tested 99°9° direct. 
Inverted it tested —30°, at 28° C. 
99°9-+-30= 129-90 at 28° C. 


The following are a number of tests which I made with 
the utmost of care, regarding the 0° of the instrument every 
time an observation was @: 


Difference in favor 
Brand of Sugar. _|No. Duteh!Direct. Corrected | of Corrected 

Standard. per cent. 
Muscovado........ il | 88°25 +1°15 
Molasses .......... 6 84 | 855 +15 
Muscovado........ 8 84 83°5 —05 
Centrifugal........ 8 93 94°25 +1°25 
Centrifugal... ... 8 89 89°75 “75 
Molasses ......... 7 843 | 866 2°3 
Centrifugal........ 10 95 94°75 —0°25 
Centrifugal........ 10 94 93°5 —0°5 
Centrifugal........ 7 90°4 | 89 —14 
Centrifugal........ 7 93 91°5 —15 
Centrifugal... ... eee 7 91 90° —1°0 
Centrifugal........ 7 91-1 | 90°4 —07 
Guadeloupe........| 10 87 —09 
Guadeloupe. ....... 6 785 | 704 
Refined C.........| —— | 863 87 +0°7 
Refined C.........) —— | 852 85 
Refined sirup. ..... — | 398 416 
Black strap......-.. —— '46 46-4 +0°4 


129°9=99°9 per cent. sugar (130°0=100 per cent. at 28° C). 


By examining these tests it will be seen that the difference 
by inversion is from —1°5 to +2 per cent. That is to say, 
a sugar testing 93 per cent. by the direct test, when inverted 
only tested 91°5 per cent., owing to the presence of glucose 
in excess, which turned the plane of polarization in the 
same direction as cane sugar. Another sugar testing di 
rectly only 84°83 percent., when inverted tested 86°6. This ex- 
ample shows that the true per cent. of cane sugar was pre- 
vented from manifesting itself owing to the presence of an 
excess of levulose and gum, which turned the plane in the 
opposite direction. 

m these experiments it is clearly shown how neces- 
sary it is to invert a sugar before the true per cent. of cane 
sugar can be obtained. 

aving now determined the several factors, let us proceed 
to the determination of the value. 

The following examples will serve to illustrate: 


Examp.e No. 1. 
Sample taken from............. .. 25 per cent. of hhds. 
Condition of cargo ...........-...- Good. 
Color of sugar...............4. ... No. 12 D. 8. 
Corrected per cent. of cane sugar .. 90°00 per cent. 
Sugar in dry substance............. 93°75 per cent. 


A cargo of raw sugar, such as is described in the above 


uter areometer,” allowing 1-20th of the 

as error to the salts 
The Belling —1°89 per cent. 

tion areometer, allowing correc- 
Seheii of temperature, gave. +1°3 per cent. 
ing reometer (corrected) gave. ..... per cent. 
Drying bath gave... +2°3 per cent. 
Drying in sulphuric acid gave........... +2°3 per cent. 
Vaeuo gave...4.......... paved per cent. 


DEGREES. 
weight By vol Cent | 
A | B 20° | 21° | | | 24° | | 27° | | | 80° 

40) a540| 536) s34| | 528 | | 516 
41| 6703] 549] 547 545] 543) 54:1 | 589) BSS) 52-9 
6867] 563 | 56-1 559 | 556| 554) 552) 55-0 | 543 | 546] 544) 542 
43 | 7030] 576 | 574 572 | 570] 568} 563) 561) 559] 55:7) 555 
44) 71°94] 590] 587 | 585 | 583! 581! 579) 57.6) 574] 572] 570! 568 
45 | 7357 | 603] 601 506 | 59-4] 592/ 589| 587] 583! 58-0 
46| 7521] 616| 614) 61:2 | 607] 605, 603| 600! 598] 596; 593 
47 | 76°84 | 630 | 627 625 | 623 620 618 | 616) 613] 609 696 
7848] 643] 641) 638 | 636 | 634] 63:1) 629 626] 624} 622) 619 
49 8011] 657] 654 | 652] 649) 647| 644! 642 | 639! 63-7) 684 632 
50 | 81°75] 667 665 | 662| 657), | 652 | 650] 647) 645 
| 88°38| 683] 681) 678| 676) 671 668 | 66:5 | 663} 658 
52) 8502] | 692) 689) 686! 684/| 681 679] 676] 671 
53 | 8665 | 707! 705) 702, 700 697! 69-4! 692| 689 686 | 
8829) 721/ 718 15) 710! 707! 705! 702] 
55| 737| 34| m6 720) 18) 7.5] 12) 709 
56 | 91:36| 750| 748| BO 736! 25 722 
57 | 9819 | 764) 761 | 758) %5| 72) 749) 747 WS 
68) 9483) 774) 68) 66 G3 0 W4| 
50 | 9646 | 791) 779 73 70) 761 
60 | 98710} 804) 801 | 798, 795 2, 739 780) 777%) 
61} 9973| | 805 802 79, 796) 7993) 7990 
62 | 01°87 | 828) 825) B21) S18 812) B03) 00 
63 103°00 | 844 | 841 | 838 882) 828 825!) 822) B16 BIB 
64 | 10464) 858) 854) 851 848) 845 B42 B38) 832) 829 826 
65 | 10627 | 87-1 | 868 | 864 861) B58 
66 | 10791 | 884) 881) 878 B74) B71) 868!) 86-5) 861) 85 
67 10034 | 898 894 | B01 888) B84) B78] 874) S71 | B68 
68 | 11818 | 908 | 904 90-1} 898 894, 891) 897] B84) B81 RTT 
69 | 112°81 | 925 921 | 918 914) O11 907} 90-4! 900] 897] BOB 890 
70 | 11445 | 938) 934), 981, 927 | 92.0 | M17 | NO) 90% 
| 11608 | 951 | 948 | 944 O41) 937) 934) 930! 926) 923) HIG 
72 | 11772 | 965 | 958 950) 943 940! 936| O32 929 
73 | 11935 | 97.8) 971 967] 964| 960! 956) 953) 949] 945 942 
74 12099 | 99:2); 984, 980] 97°77) 978! 969) 966) 962) 9B 955 
75 | 122°62 | 1005 | 1001 | 997) 990) 986 979| 975) 971 967 
76 | 12426 | 1018 | 1015 | 101-1 | 100-7 | 1003 | 999, 996| 992] 988 980 
7 | 125°89 | 108-2 | 102°S | 1024 | 102-0 | 1016 | 101°2 | 1099 | 1005 | 1001 9997 «993 
7 | 12753 | 104-3 | 104-1 | 108-7 | 103-3 | 108-0 | 102°6 | 1022 | 101-8 | 101-4 | 1010 | 1008 
79 | 129°16 | 105.9 | 105° | 105-1 | 1047 104-7 | 1089 | 108°5 | 108-1 | 102-7 | 1023 1019 
80 | 130°8) 107-2 | 1068 106-4 | 106-0  105°6 | 105°2 | 1048 | 104-4 | 103°6 103-2 
81 189°43 | 1085 | 1081 | 107-7 | 107-3 106-9 | 1065 | 106-1 | 105-7 | 105°3 | 104-9 104-6 
82  184°07 | 109-9 109°5 | 109-1 | 108-6 | 108-2 | 107°8 | 107-4 | 107-0 | 1066 1062 1059 
88 | 135°70 | 111°3 110°8 | 110-4 | 110°0 | 108-6 | 109°1 | 108-7 | 108-3 | 1079 075 | 1072 
84 | 197°34 | 1126 | 111-7 | 1113 1109 | | 1100 | 109-6 | 109-2 1088 
85 | 138°97 | 118-9  113°5 | 113-0 | 1126 | 1122 | 1188 1113! 1109 | 1105 110-1 | 109°7 
86 | 140°61 | 115-2 , 114°8 | 114-4 | 118-9 | 113-5 | 198-1 | 119°7 | 119-9 | 111-4 111-0 
87 | 142°24 | 116-6 116-1 | 115-7 | 115-3 | 114-8 | 114-4 | 1140 | 1185 | 118-1 119-7 1128 
88 | 143°88 | 117-9 | 117°5 | 117-0 | 1166 | 1162 | 115°7 | 11953 | 1148 | 1144 1140 
89 | 14551 | 119-3 | 1188 | 118-4 | 1179 | 117°5 | 1170 | 1166 116-1 | 115-7 «1152 1149 
90 | 147°15-4 1206 | | 119°7 119% | 1188 1183 | 1179 | 1170) 1165 1162 
91 | 148°78 | 121-9 | 121°5 | 121-0 | 1206 | 120-1 | 119°7 | 119-2 | 118-7 | 1183 1178 1175 
92 | 150°42 | 128-2 | 122°8 122-4 | 1919 121-4 | | 1205 | 1201 1196 1191 1188 
98 | 159°05 | 194-6 | 124-1 | 123-7 | 198-2 | 122-8 | 192-8 | 191-8 | 121-4 1209 120-4 | 12071 
94 | 158°69 | 126-0 | 125°5 | 125-0 | 1245 | 124-1 | 198-6 | 198-1 | 129-7 | 1282 191-7 | 191-4 
95 | 155°32 | 1973 | 126° | 126-3 | 125-9 125-4 | 194-9 | 194-4 | 124-0 | 128-5 128-0 | 1926 
96 | 156°96 | 1286 | 1282 | 127-7 | 1272 196-7 | 196-2 | 1258 | 1248 1243 | 1289 
97 | 158°59 | | 129°5. | 129-0 | 128° 128-0 | 127-5 | 127-1 | 126-6 126-1 125-6 1952 
98 | 160°23 | 131-3 | 130°8 | 130°3 | 1298 129-4 | 128-9 | 1284 | 1279 12974 1969) 1965 
99 | 161°86 | 182-7 | 1322 | 181-7 | 1812 130-7 | 1902 1207 | 199-9 128-7 1282 | 1278 
100 | 168°5 | 1340! | 1830 | 182-5 132-0 | 181-5 | 181-0 | 1800 | | 129-0 
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example, was, on the 10th of November, 1879, worth nine the intrinsic value of sugar, then it seems but just that eve 
cents per Ib. | factor that bears on the value of sugar, should be considered. 
If all the factors remained the same, except the color, | This, however, would entail great labor and cost, and in 


which we will suppose No. 3, instead of No. 12, the sugar the end would be unsatisfactory, as at best it could only be 


would then have lost one-quarter of a cent, and would be approximate. 
worth only 8% cents—that is to say, for four shades of 
color, an allowance must be made of at least one-quarter of the polariscope alone. First, it will be necessary to state, that, 
a cent. owing to variations of sample, the conditions of the atmo- 
If all the factors remain the same in the first example, ex- | sphere, etc., etc., variations of one and even two per cent. 
cept the per cent. of cane sugar, which we will —- to can occur. This fact, however, by the method I am about 
85 per cent., instead of 90 per cent., the value then will be | to propose, need only to be considered at what I call the 
only 8}4, or five-eighths cent. This allows, in Muscovado | boundary lines. The proposition is thus— 
sugar, one-sixteenth of a cent for every degree, or per’ All sugars below 70 per cent., and up to 75 per cent. 
cent. ‘sugar, shall pay a duty of 14¢ cents (this will bring ina 
To find out the influence the foots have on the value of much lower grade of sugar than we now have). 
sugars, let us take, for example, 100 hogsbeads of a Musco- Sugars between 75 per cent. and 82 per cent., shall pay 
vado sugar testing 85 per cent—the foots testing 75 per a cents, 
cent. A hogshead of Muscovado sugar is 36 inches in ugars between 82 per cent. and 87 per cent., shall pay 
height, and holds about 1600 lb. of sugar. If the foot is | two cents. 
only four inches, then we will find that about one-ninth of | Sugars between 87 per cent. and 92 per cent., shall pay 
the sugar is foot. The sugar will then stand— 
su w Tr t. r cent., 
Sugar, 85 per cent. —1422°23 Ib. = 1208°89 Ib. cane sugar. | pay 21¢ 
a 177-77 “« = 1822380 “8 The undary lines I referred to, are the points 75, 82, 87, 
1600°00 =1341°12 fe 92. points could be into question, 
85 / and my idea is that if the government finds a sugar to test, 
If all the sugar tested per cent.—we should find | Say 87 per cent., and the importer claims it tests only 86°5 
160085 per cent.—1360°00 Ib. sugar. | per cent., then the duty on such a sugar should neither be 
Aotually proment..... 184112“ two cents nor 244 cents, but 24% cents. Again, if the govern- 


Loss hogshead...... ’ | ment finds the same sugar 87°5 per cent., and the importer 
100 “ 4. only 86°5 per cent., still the will be 21g cents. This 
188°8 lb. of sugar @ 854 cents. =$162°84, Consideration is only necessary to be made at the boundaries, 


where one per cent. each side should be allowed. 

The loss, then, on 100 hogsheads of sugar—if calculation! All sugars between the boundaries, which include, of 
were not made for four inches of foots—would be $162°84. | course, the majority, would come in without any further 
Supposing the foots to be eight inches, instead of four! consideration, under the duty given for such boundaries, up 
inches, the loss would be $325.68. This is, therefore, an to No. 13, Dutch Standard color. 
important factor to consider. It is safe to allow for every The scheme may be illustrated as follows: 

= at least of a cent per 
b. , for four inches extra, one-tenth of a cent should be 

allowed. It is necessary to know the per cent. of cane | Below 70 up to % & 
sugar in the | substance, as of two sugars testing 90 per 
cent., the one of sugar in the dry substance, the other of the 
sugar as it is—containing water—the latter sugar would, of 
course, be the most valuable; as it is easier to remove water 
than impurities. Again, as sugar is, to a very great extent, 
hygroscopic, the low test of a sugar may be due to water 
absorbed by the sugar from the atmosphere. I have known 
a number of instances where a sugar would test from one 
to two per cent. lower, if sampled on adamp day, than it 
would on a clear, dry day. The high test of a sugar may 
also be due to the evaporation of water in the natural dry- 
ing of sugar in a warm room. It, therefore, is best to base 
calculations of value on the cane sugar in the dry substance. 
It is necessary to consider the per cent. of impurities pres- 
ent as the amount of sugar it is possible to get out of a given 
cargo, depends on the factor. f course, the care exercised 
in refining, ete., etc., exert their influences. Supposing, | 

however, there to be no other elements to consider, except| It might be thought, at first, that new boundaries were 
the impurities, then, taking a sugar of the following com- being made by this plan, at 74, 76, 81, 83, 86, 88, etc. ; but 


1% cts. 


74) 76 83 


15g cts. 1% ets. 


mits through which the real boundaries may fluctuate, 

per cent. owing to the difficulty of deciding the true per cent. of a 
32 « by the polariscope, closer than about two per cent. 
Organic 61 With regard to Dutch Standard, it may be stated that, 
Ash. « | since the introduction of vacuum pans and centrifugal ma- 
ey eae aoe eee | chines, the Dutch Standard is no standard at all. For open 
10000 “ /pan sugars it is perfectly reliable, but not for the other 


—we will find, then, according to the experience of the |methods, which have changed the character of sugar com- 
best refiners in this country, that, as one per cent. of im- | Pletely. This, of course, applies only to sugars up to No. 


iti »vents th tallization of § 13, D. 8.; above 13 to 20, the standard is reliable, and color 
will becomes an important element of consideration. 


Leas impurities |THE CHEMISTRY OF BREAD MAKING.* 
Crystallizable sugar..... 40 By Proressor Granam, D.Sc. 
vere Art last we have got our loaf in the oven, and it will re- 
100°0 ‘ main in the oven about an hour and a half. While it is in 


The French method deducts from the per cent. of cane there, I propose, in the first place, to consider some pecu- 
sugar five times the ashes plus the per cent. of inverted liarities in ovens, and then to discuss that part of the sub- 


. By thi thod th: bl tand ject which comes most within my province, namely, the 
chemical changes produced by the action of heat on the 


Cane Sugar 85°0 per cent. joaf. In the common oven, in former times, and even yet 
Ashes x 5 + inverted sugar, 17 x 5 ' 17. to some extent abroad, the heat was obtained by burning 
ees | wood inside the oven; that is to say, in that part of the oven 
Crystallizable sugar. | in which the bread was afterwards placed. When the com- 
67 bustion of the wood had communicated a sufficient amount 
1000 =“ of heat to the walls of the oven, then the embers were taken 


The brand of the sugar makes some difference in value out and the bread was put in. This is manifestly a rather 
For example, a centrifugal sugar of the same color, test, and | 
ater factors equivalent prefered wo the extent of aboUt gn, eral was employed for tbe purpose of heating the 

For each degree, or per cent, of a centrifugal sugar, one- baker we ~ tone 
tenth of a cent. is allowed, so that a centrifugal, testing 90 |.” ly the best baker in E y ee oh he Pari 
per cent., worth nine cents, would be worth 9'¢ cents, if it 
tested 95 per cent., other factors remaining the same. — sian has learned much, years ago found out that steam, act- 

Siete pe sintnal the mathed t oe as the value of ing on the moist surface of the loaf, was able, at the high 

ng ee temperature of the oven, to convert the starchy matter of 


the sugars of commerce, the way is made clear to the re- | the surface, moistened, as I said before, with water, into) 


think that the problem can be solved, though, by the use of 


object being that when the door is open 

not fall out. Being heated, it is lighter than gir and if 
is a slight incline given to the floor of the oven, the there 
of the steam is to Keep in; whereas, if it is flat, then 
tendency for a considerable quantity of the steam to 
every time the door is opened and shat. The other 
represents a section on the line, C D, which indj 
means of a movable door, the way in which the flame 
ing from the furnace is sent into the oven in order to 
its stone walls. So soon as the oven has arrived at 
perature of about 400° to 450° it is closed. In the 
of Mr. Bonthron, of nt street, and Mr. Car} 
the Brompton road, a plan is adopted of having two 
side by side, so as to economize the fuel to some exten 
have not examined other ovens, but I know that besides 
there are some other bakers in Loudon who also adopt 
injection method, which practically, in its first ths 
was due to the Austrian baker. 

In addition to this system of baking bread by means 
fuel, steam has also been employed in other processes: Aa 
is called Neville’s bread, which has a considerable tale in 
London, I understand, is baked by means of steam ata 
You know the character 

read sufficiently well,and it is, therefore, not necessary 
I should further allude to it. Hat 


CHEMICAL CHANGES DURING BAKING. 


I will pass on now to the chemical examination Of the 
changes which take place when the bread is introduced into 
the oven. In the first place, the bottom of the loaf and the 
side and the top of the loaf are greatly heated by the hot 
surface which comes in cortact with the bottom, and the 
hot surfaces which radiate the heat from the top of the ove, 
on to the loaf. You will notice in looking at the draw 
that the depth of the oven is comparatively slight, the ef 
ject being to have the radiating surface as near as possible 
to the top of the loaf. So soon as the loaf has been sub 


Ha 


finer who desires to purchase, and the way is also made : ; 
- . E dextrin; in other words, by the action of heat and moi-ture, | 
clear to the government for the appraisement of sugar; that | 1. found that he could convert starch into dextrin in much | 


is, if such appraisement is to be made on the intrinsic value 
of the sugar, That the importation of sugar should afford be 
a source of revenue to the United States, I think all are is also made. The Vienna baker obtains the steam in this 
agreed; but that such a high rate of duty should be im- way. The first batch of bread is common bread of rather 
posed on sugar, that over one-third of the entire revenue | 4) inferior character, and of course in baking that bread the 
should be derived from this source, is extremely unjust and | oven ig charged with the moisture of the steam which comes 
unwarranted, when such commodities as tea and coffee, | from the breod After that the rolls moistened on the sur- 
which restricted | with wets: bein placed in the oven the st from 
to certain countries—have no duty imposed upon them. 
tion of these commodities, by which means the duty on| hoiers a that an injection of steam from a boiler working 
162. In 1877 under a little pressure, takes place into the oven, and such 
$31 187,504. and between $34,000 or | ovens, though they are not common, can be found in several 
and $40,- | places in London. I have a drawing here of an oven which 
00,000 for duty. What then will be the duty on sugar? | wit} give you an idea of the character of the operation that 
Thane cna question rate of duty goes on. The center drawing represents the front of the 
would simplify matters considerably, and would shut out 
many channels for frat; a no uber factor except weight | ver, Yow with the door the admin of brea, 
would be | vious to their introduction into the oven. On the side is 
Y—SAY | the boiler with the steam gauge. You will notice the draw- 
one-half cent a b. (about $7.00 a hogshead)—when it would ing has two lines indicating an inte tion at A B andCD 
be impossible to import the lowest grades of sugar from such | The drawing on the left inthe section at AB. and shows 
parts of the spate where eee ony = —— | the interior of the oven. The door is partially open, and 
Market, although, having | there is a pipe at the side, with small rtures for the pur- 
high grades of sugar poured in upon it, would also have | pipe . ee 
what is also necessary for a refiner—the low grades, It is not bat 


»robable, however, that Congress would consider any such 
leap * A recent lecture before the Society of Arts, London, 


as this, from the present rates. If the duty is to be on 


mitted to the action of the heat, the carbonic acid gas whie 


87 92 100 


1% cts. 2 cts. 


214 cts. 216 cts. 


86 88 91 93 


| 


21, cts. 


23¢ cts. 


was in the dough expands, and by the time that gas hasbeen 
heated from about *0° to 212°, which is the boiling point of 
water, that gas will have expanded from | cubic inch to 1% 
and that will indicate the amount of increase that a loaf 
would undergo, supposing there was no moisture. But 


while that amount of increase takes place, due to theexpan- . 


sion of the carbonic acid gas itself, there is also considerable 
expansion due to the fact that the gas is moist. Now, the 
tension of aqueous vapor at 212° is equal to the atmospheric 
pressure, and therefore we get an enormous increase, due to 
the amount of the moisture as well as to the carbonic acid 
gas itself. I said just now that the temperature of the oven 
ranged from about 400° to 450°. The temperature of boiling 
water is 212°, that is to say, provided the barometer stands 
at 30 inches of mercury, because. of course, Se 
boiling point if the barometer be higher, and lower if the 
barometer should stand lower. Therefore, although the 
walls of the ovens are at a temperature of about 400° to 450, 
the loaf itself is not at such a temperature. The bottom, 
which is resting on the hot surface, of course, is consider- 
ably heated, but the interior of the loaf does not rise much 
above 212°. It rises doubtless slightly above that tem 
ture, due to the resisting action of the outer surface of the 
crust, which adds to the resistance of the atmospheric pres 
sure. Secondly, during this action which is going on inthe 
presence of moisture, the cell walls of the starch are rp 
tured, so that we obtain from such a heating action, not 
starch such as we know it before it is boiled, but starch 
which, by the ruptured cells, lends itself readily to the ae 
tion of albuminoid ferments. Thirdly, by the action of 
heat, some of the albuminous matter undergoes a degrading 
action, which is afterwards of use in the digestion process 
But that is not all. Due to the action of heat and moisture, 
not only is there glazing by the production of dextrin on the 
surface, but there is also, io a slight extent, a production of 
dextrin in the interior of the loaf. You all know that if 
you were to boil a suet dumpling, for example, for 8 com 
paratively short time, the suet dumpling would not be very 
remarkable for its digestibility. Indeed, a8 in a day or two 
the most favored festival of our year will be at band, I a= 
reminded, by this action of the heat upon the dumpling, 
the old doggrel, which 1 should imagine was fap Ar 
»osed by youth and partly by the experience of 0 

hat doggrel says, “‘ Plum pudding hot, plum pudding 
That represents, to a great extent, the desire of youth ® 
have plum pudding, no matter whether it be hot or 
provided there be plenty of it. But, then, old lays dows 
this as a necessary condition, that the plum puddings 
be “‘in the pot nine days old;” in other words, you canpot 
get digestible alvuminoids and starch of whtat unless 
have been submitted to the prolonged action of > 
moisture, and this, atu extent, takes place in the 
of heat upon the loaf in the oven. 

Another point I have to notice is, that colored ey 4 
are formed. I have a table on the wall,* pre wil 
demans, showing the action of heat on malt, and 
see there that air-dried malt contains no torref te 
ducts, and that there are no less than.136 per cent. 0 ron 
minoid matters; whereas, when the malt is heated -— of 
perature less than the boiling point, we get 14 per Cem 
torrefaction products, and only 10°5 of dlbuminows 
The torrefaction or colored products that are fo - 
partly due to the action of moisture at a bigh uae ood 
on soluble albuminoid matters, and partly to the dex oat 
maltose sugars that have been formed in the proves’ > 
fication process. Now, the more soluble products 
tained in the previous process of bread making, the osd 
will be amount of color in the final loaf. Oo an 
the leas the soluble products produced by the 


© See table on p. 128, Journal, January 16. 
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process, the less will be the colored products 
a in Loven. That is why inferior flours produce 
color. Inferior flours, as I pointed out to Ln a 
ification 


hb 
so puc drawn up by Mr. Brown, yield to the _ 


tbe that is, in the poe where moist 
ig acting on dour for a considerable time, a very large 

‘ty of soluble products are formed. Therefore, I say 
Srbe more soluble products obtained in the previous 
jon process, the greater the amount of colored pro- 
obtained in the oven, and, of course, the less pleasant 


look. 

dog the Mrmatier we ought to notice fs, that by the action 
heat we obtain the outside crust. This crust retains the 
a much longer time than if there were no crust, 
gad, lastly, the amount of moisture or water is greater the 
the flour, and, of course, vice versa, and this absorption 

OF ation of water depends upon two distinct factors. 
Jp the first place, it depends ee the higher character of 
the albuminoids. Albuminoids of high maturation charac- 
jsuch as the crude gluten, which, you will remember, I 
wid ou was composed chiefly of fibrin, and, to some ex- 
at, also of glutin) absorb and retain water with great avi- 
which is not the case with some other forms of albu- 
pinoids. such as albumen found in most cereals, found 
largely in our inferior wheats in bad seasons, but to a@ very 
gall extent in really well-matured wheats grown in highly 

favored climates; the legumen and other soluble albuminoi 
podies, found very largely in the leguminose; and the cere- 
sin, which is one of the albuminoids found in the husks of 
cereals—of wheat especially—these soluble albuminoids do 
pot absorb much water, nor have they much power in re- 
ining it. Therefore, I say, that the first factor depends 
oo the character of the albuminoids present. But there is 
gill another, which is this, it depends also on the percentage 
of starch. Supposing you have a sufficiently large quantity 
of the hard gluten, then the higher the amount of starch, 
the more water will be absorbed and retained by such flour. 


NUMBER °F LOAVES PRODUCED. 


is absorption and retention of water enters largely into 
haieesden ef the number of loaves that may be obtained 
from 100 Ib. of flour. The baker, of course, reckons by'the 
sack, but it is more convenient to take a percentage result. 
According to Lawes and Gilbert, in 100 Ib. of bread, there 
will be on the ave 62°8 of dry solid matter, and 37-2 of 
water; according to Millon, 63°7 of dry matter, and 36°3 of 
water; according to Dumas, 55-4 of dry matter, and 44°6 of 
water; according to Maclagan, who made a series of re- 
warches on this matter, the average amount of dry matter 
was 64, and of water 36. From a number of results sup- 
plied to me by many bakers, I find the average agrees pretty 
well with the statements of Lawes and Gilbert. To take 
this question from another point of view, 100 Ib. of flour 
will yield, according to Lawes and Gilbert, 135 Ib. of bread; 
scording to Dumas, 130; and Msclagan, 137-7. But I 
need hardly say that the number of loaves obtained from 
10 lb. of wheat flour, or the number of loaves obtained | 
from the sack, will, of course, vary according to the char-' 
acter of the wheat. Practically, the finer the wheat, the 

er number of loaves obtained from it. It may be of 
Geret—not to those practically acquainted with the mat- 
ter, but to those who are not—to say that the number of 
loaves obtained from a sack of flour will vary—I am afraid, 
in a year like this with English wheats, the results would be 
rather low; but, taking more favored circumstances, it will 
vary—from 99 to 94; possibly, with eames fine for- 
eign wheats, more than the latter number may be obtained. 


CARBONIC ACID BREADS. 


[have now done with the fermentation process, by which 
carbonic acid gas ‘I have said very little about the alcohol 
which is praduced, as I pointed out, along with carbonic 
acid gas in the fermentation process) is for the purpose 
of lightening the bread. I have now to refer briefly to what | 
may be called artificial processes of producing the same evo- 
lution of carbonic acid gas, not from the flour, but from | 
chemical substances used along with the flour. The best | 
known of these-methods is the process of Dauglish, which | 
is still practiced in London, and it may be in some other 
towns of England. The carbonic acid in this method is | 
obtained by the action of acid upon chalk, that is, carbonate 
oflime. ‘Lhe carbonic acid obtained by the decomposition 
of chalk is thoroughly well washed, and the carbonic acid | 
and water are then mixed in proper proportions with the | 
flour, and as rapidly as possible, the aanah fe made, scaled, | 
made up into loaves, and put into the oven. Now, the ad-| 
vantages of these artificial processes are manifest. An in. | 
ferior flour is not submitted to the degrading action of the | 
albuminoids upon the starch; we obtain no sugars, we ob- 
tain no dextrin. In other words, no action takes place, ex- 
cept in the oven, and therefore, one is able to employ in- 

flours by such an artificial process. I referred to this 
process at our last meeting, and a gentleman asked me at 
the end of the lecture whether I meant that those who em- 
payed the Dauglish process used inferior flours. Of course 
hot say that, nor do I say it. I merely say that one 
of the advantages of the invention or tion of Dr. 
ish is, that we can make use of inferior flours. An- 
other advantage is that the process is a very rapid one. The 
whole making of bread occupies a very small period of time 
compared with the long, tedious, laborious operations of the 
ordinary fermentation plan. On the other hand, I think I 
sm bound to mention (though this is not so much a scientific 
= a8 one of personal opinion) what I consider the dis- 
sntage of the process, Such a bread is manifestly less 
Sweet than if the flour had 
= process. There has been no dextrin, no sugar formed, 
the albuminoids have not been lowered or degraded. 


2 it is lon 

wee ere mt ly seems a very excellent one, and yet, I 
ve . . 

wenat very wrong in saying that, if we consider 


process; and if the bread had been so well thought of by the 


| told, on good authority, that bakers who have found out for 


very artificial raising of breau are 
lathe frat and colle a of them. 
Place, there is the process by which bicarbonate 


of soda and hydrochloric or muriatic acid are brought to 
act on each other in the dough. A reaction takes place by 
which chloride of sodium or common salt is formed, and the 
carbonic acid escapes, and, therefore, raises the loaf. But 
it is nece that the operation should be carried on very 
rapidly, and it is also necessary that the exact proportions 
of bicarbonate of soda and hydrochloric acid should be used, 
so that there should be an exact neutralization of one by the 
other. In addition to this method, tartaric acid and bicar- 
bonote of soda are employed occasionally; and sometimes 
hydrochloric acid, to which a small quantity of the acid 
phosphate of lime has been added, is employed along 
with the bicarbonate of soda, It is very easy to make this 
acid phosphate of lime. If re take a small portion of burnt 
bones, called bone ash, which comes so largely from the 
River Plate and the Rio Grande in South America, and add 
to it hydrochloric acid, you convert it into what is techni- 
cally termed superphosphate of lime, or acid phosphate of | 
lime, and if you use an excess of hydrochlo acid, 
you will have a solution of acid phosphate of lime in 
the hydrochloric acid liquid, and this, if it be used to react 
on the bicarbonate of will give common salt together 
with phosphate of lime. The use of such agents has been 
recommended by many, owing to the desire, especially in 
the case of poor children ill supplied with milk, that the 
bread should contain bone earth, or the elements of bone 
earth, so that the children may obtain a considerable quan- 
tity of phosphate for the purpose of building up their bone 
tissue which, at an early age, is so necessary. Bicarbonate 
of ammonia has also been employed as an artificial method 
of raising bread, and, of course, there are many other such 
artificial chemical means. The various ng powders 
which are so much advertised, depend on a reaction of this 
kind by which carbonic acid gas is employed artificially. 
They all of them seem to me to be open to the same o 
jection as the Dauglish method, and they have not its ad- 
vantages, except in so far that they enable one to make an 
aerated bread under certain unfavorable circumstances, such 
as at sea, or far away from the means of obtaining yeast; of 
course, under these conditions, they have some value. 


DIGESTION OF BREAD. 


Our bread being made, the next point one has to consider 
is how it is digested. Now, digestion is a continuance of 
fermentation. Of course, I am using the expression fermen- 
tation in the same sense that I used it in speaking of the hy- 
dration action upon starch. Iam not using the term now 
in the sense of the boiling fermentation, where carbonic acid 
and alcohol are produced, but that form in which water is 
added to the molecular structure of the starch, and by which 
sugars and dextrin are formed. The first agent which is 
brought to bear upon the bread is the albuminoid ferment, 
called by physiologists, ptyaline, which is found in the sali- 
va. In order to obtain a thorough and rapid hydration of 
the starch, so that that starch is converted ij ito soluble 


bodies, sugars and dextrin, it is necessary that the bread |p 


should be thoroughly comminuted, and we are endowed 
with a very wonderful apparatus for the purpose of cutting 
and grinding it up into a fine porous mass. At the same 
time while this operation is going on, the grinding action 
stimulates the glands, so that during the time they pour out 
the eecretion destined by nature for the solution of these 
starchy bodies. Of course two points have here to be con- 
sidered. I said we must obtain a fine light porous mass, 
and we must, therefore, so cut up or grind that bread that it 
should always remain a fine porous mass; that it should be 
thoroughly aerated, and at the same time well mixed with 
this albuminoid ferment of the saliva. Manifestly, there- 
fore, we see at once that the habit, which is so common in 
England, of eating hot rolls and new bread, is the very op- 
posite of what nature has pointed out should be done. Bread 
which when you press it liwemn your finger and thumb 
forms into impervious balls, is not a bread which lends it- 
self readily to the action I am speaking of; and I have been 


themselves so many very interest scientific facts con- 
nected with the whole process of panification seldom eat new 
bread. Indeed, one gentleman said they never did; they 
wait, at any rate until the second day, until it will, in the 
grinding action, remain light and porous for the action of 
tyaline upon it. 

r. Lewis has kindly heated two tubes. In my right 
hand | hold a tube which contains a solution of bread, made 
simply by breaking it up to a fine powder, and then digest- 
ing it for two hours at a temperature of 100° Fabr. It was 
then filtered; nothing but water was added to the bread, and 
he has added some of Fehling’s liquid and has boiled it. 
You see that there has been no reduction, or, at any rate, a 
very small reduction of the protoxide of copper to the sub- 
oxide. Whereas, in the other tube, the bread was commi- 
nuted into the final condition in which it should be, as was) 
also done in the other case, and it was then mixed with a 
little saliva obtained by exciting the submaxillary gland. 
This was warmed also at about 90° to 100° Fahr., for about 
two hours, and you see the amount of sugar that has been 
formed. Where the saliva has been mixed with the bread, 
it has produced a considerable quantity of sugar. So far | 
for the sugar. On the addition of a little alcohol, we shall | 
be able also to see a considerable difference in the fotal | 
amount of products which have been rendered soluble under | 
the two conditions. The right hand tube was the one sub- | 
mitted to the action of the saliva, and the left hand one ex-| 
hibits simply the action of water on the bread. There is in | 
the one case a considerable precipitate, and in the other very | 
much less. I will also show you the amount of albuminoi 
which have been rendered svluble in the same time. 


A GLANCE AT TOBACCO SMOKING. 


While Mr. Lewis is doing that I will make a few remarks | 
on the necessity for all of us to husband this valuable fluid. | 
It is not given to us to throw away, and those of you who 
are just about to in manhood’s life, I should certainly 
recommend, if possible, not to adopt the habit of smoking. 
But still, if you should Pana Nebo I do not suppose any- 
thing I may say will prevent you—I should recommend you 
to learn the way in which a German smokes. Any average | 
German will smoke from morning to night, from the begin- | 
ning of the year to the end, and will not expectorate once; 
he the habit of smoking without expectorating, and | 
the result is he is none the worse for his smokin, t least | 
one does not see it; whereas we, in land, with our short 
pipes, smoke tobacco loaded with moisture—which is one 
of those delusions about tobacco which has arisen, 


probably, from the interest of tobacconists. You know most 
le have the tobacco loaded with moisture, and keep it 

m a jar with a leaden cover to it. Thus considerable | 
quantities of unburnt nicotine distill over with the mois- 
at the same time, tarry products and creo- 

when the tobacco is dry, a comparatively 


ture, and also, 
sote; whereas, 


| sium and acetic acid, and that has thrown 


|2'¢; ordinary vegetables, 3:3; and so on. 


8589 
small quantity of these distil over into the mouth, and, there- 


CHEMICAL ACTION OF SALIVA. 


In these tubes you have, on the left hand sids, the solution 
which has been acted upon by some fe apide of potas- 
most of the 
albuminoid matters. The one on the left hand side is the 
solution of bread per with water, the other on the right, 
of course, has had saliva added to it. In the left tube you 
see there is no precipitate, or an excessively small quantity 
of albuminoid matter; whereas, in the right hand tube— 
due to the saliva—we have an abundant precipitate of albu- 
minous matter. We see, therefore, that this valuable fer- 
menting principle which we have at the very threshold of 
digestion, is able to convert boiled starch into sugar and dex- 
trin with considerable tage and at the same time also it 
breaks down, and therefore dissolves some of the albumi- 
noids. It then passes downwards, and in the stomach and 
duodenum it meets with other fluids, some of which have 
the power also of hydrating and converting starch into su, 
and dextrin, and some others have the power of dissoiving 
the albuminoids themselves. In that way we obtain the per- 
fect solution of the bread that we eat. 


VALUE OF BREAD AND OTHER FOODS, 


I pass on now to a very interesting matter, and that is the 
value of bread as food, or its valueas a source of power. I 
have here a table which we owe to the researches of Messrs. 
Lawes and Gilbert, showing the composition of the ordinary 
articles of food—meat, bacon, butter, milk, cheese, flour, 
bread, maize, oatmeal, rice, potatoes, vegetables, peas, an:| 
sugar. 

AVERAGE COMPOSITION OF ARTICLES OF FOOD. 
(Lawes and Gilbert.) 


Parts PER 100. 
Dry Carbon, | Nitrogen, ey 
Substance. 100 Carbon. 
80 57 11 20 
Butter 0066 85 68 oe 
10 54 05 93 
eee 60 36 45 12°5 
85 38 17 45 
64 28°5 13 45 
are 87 40 17 4-4 
85 40 0 50 
87 39 10 25 
Potatoes. ......... 25 li 03 35 
Vegetables....... 15 6 02 83 
eas. 85 39 3°6 9-4 
95 40 ee 


I will not, of course, detain you by reading all] these num- 
bers, but I wish to point out to you some very interesting 
results obtained from a consideration of these researches, 
We find in the fourth column a series of numbers headed, 
** Ratio of nitrogen to 100 sof carbon.” In the case of 
meat it is 66; bacon, 2; of course in butter none; milk, 9-3; 
cheese, 1214; flour, 41g; of course bread is the same; rice, 
In sugar there is 
no nitrogen. In race | at this table you will see that flour 
and bread stand tolerably high in the ratio of nitrogen to 
carbon, viz, 44g to the 100. This leads me back again to a 


| matter I spoke of before, viz., the question of what one 


should do with the bran of the wheat. Supposing a hard 
working laborer, say a ditcher or a navvy, were supplied 
with white bread almost in sufficiency, but yet not quite, 
what would he crave for? We all know, ag a matter of fact 
and experience, and those of you who havg seen men under- 
going hard mechanical work will agree with me, his first 
craving is not for a lump of brown bread, but for a piece of 
fat, butter, or bacon; but in any case the craving is not for 
more nitrogen but for more carbon, and especially if that 
carbon be derived, not from the carbo-hydrates in which as 
I pointed out to you the hydrogen and oxygen are in the 
ratio in which they form water, but bodies such as fat, in 
which there is a vcry small proportion of oxygen, and, there- 
fore, a considerable excess of hydrogen; in other words, 
bodies which contain, not =~ | respirable carbon, but also 
respirable hydrogen, that is, hydrogen over and above that 
which is required to form water with the oxygen in the com- 
pound. That is what a man craves for. If the laborer were 
to select cheese instead of fat, even then, in cheese, there is 
a considerable quantity of fat, and from the fat of the cheese 
he would obtain a considerable amount of heat force, vastly 
more than he would from the cuseine of the cheese. But, 
robably, what the great mass of working men undergoing 
eee work would desire most to have, would be very fat 
meat. Those of you who may have seen navvies consuming 
large quantities of excessively fat bacon, so fat that one can 
see no lean in it, will readily understand what Iam 
out. And yet there is a very current notion that it is the 
lean of the meat that gives us the greatest amount of motive 
force —the gues amount of mechanical power; whereas, 
not only will a laborer in our own country, but the Chinese 
cooly, who lives upon rice, when he has to do a large amount 
of work, such as loading a ship (and it is astonishing the 
enormous quantity of work they can do under pressure) does 
not look to albuminoids in order to give him that extra 
wer; on the contrary, he uses butter or fat with his rice. 
e uses those fatty compounds that contain carbon, and con- 
tain what chemists would call potential force in the hydro- 
gen, over and above what is required to form water with the 
oxygen in the compound. 


WHY THE LABORER NEEDS FAT. 


Let us see if science cannot explain this difference of 
opinion. We have the instinctive craving of the laboring 
classes throughout the world; and we have certain views 
which have been acce , that lean meat or albuminoids 
are the best sources of motive power. Before coming to the 
table, which 1 have here, on mechanical equiv: t of 
food, 1 think it will be convenient if I explain to you a few 


' numbers that are necessary to be understood before we can 


consider these sources of power. According to the defini- 
tion used by physicists, we say that a unit of beat is the 
amount of required to a gramme (= 15°432-grains) 
you one gramme of pure carbon—say, the v 

finest charcoal—and tho bare It to carbealoacid pes, 
the amount of heat given out by that oxidation of one gramme 
of carbon would be sufficient to raise 8,080 grammes of water 


neans of 
What 
of that 
sary that 
3 
. 
| 
&§ 
4 
of that ently, such & Dread dves not taste sweet; it has none rae 
butty flavor, according to my taste, which a well ai: 
— ted good loaf has; and it seems to me that many # 
people at least must have adop onini 
y i 
u 
1 
t of Europe is submitted to the Dauglish method, com 
than it has. Another objection which oceurs to 
the fen that the bread cannot be so rapidl digested 
‘ermented bread; and it would be desirable that in- 
be made this point, because one 
ng interested in the Dauglish process. on Ne 
sccount of certain obvious rite whi 
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1° Cent. I must apologise for using French weights and 
measures, but*I am very mach more conversant with these 
data in the Freneh than in English weights and measures; 
but I will afterwards put the statements in a plainer form, 
so that you will be better able to follow me. Now, hydro- 
gen gives out rather more than four times as much heat as 
carbon. One gramme will give out as much heat, when con 
verted into water by burning, as to raise 34,462 grammes of 
water 1° Cent.; that is merely considering the amount of 
heat force obtained from the oxidation of carbon and hydro 
gen, and looking at it solely from the point of view of how 
much water that oxidation will warm. In order to convert 
! this into mechanical motion of lifting a weight against 
ravity, all we have to do is to make use of the data obtained 
i y the most invaluable researches of Dr. Joule, of Manches- 
ter, erage some years ago, by which he determined what 
is called the mechanical equivalent of heat. He found, when 
a gramme weight was allowed to fall through 424 meters, the 
force thus generated being made —by proper mechanical con- 
trivance—to agitate water, that an amount of heat was _pro- 
4 duced equal to raising the temperature of the same weight of 
. water—that is, one gramme—1° Cent. The force obtained 
from a falling weight can be converted into heat force, and, 
conversely, the heat of combustion can be converted into 
raising a weight against gravity. Thus, a gramme of car- 
bon, when burnt to carbonic acid gas, produces 8, 80 units 
of heat, and is, therefore, equivalent to 8,080 x 424—3,392 
meter kilogrammes of work, or rather more thin the force 
produced by three tons falling through one neter. The 
same weight of hydrogen when burnt, produces more than 
four times as much force as carbon and is equivalent to 1444 

tons falling through one meter. 

Now, these data being explained, I will proceed to con- 
sider the motive force obtained from the various sources of 
food we make use of, and, thanks to the researches of Voit, 
Pettenkoffer, Bischoff, and others abroad, and Playfair, Ed- 
ward Smith, Frankland, and others in our own country, this 
matter has been made very clear. In the experiments of 
Frankland, by which he determined, by very well known 
methods, the heat of combustion, not merely of carbon and 
hydrogen—that had been done before—but the heat of com- 
bustion of lean meat—that is say, meat deprived of fat by 


digestion in ether—fat meat, rice, potatoes, starch, and so on, | 


he found that the heat of combustion of fat was rather more 


MECHANICAL EQUIVALENT OF FOOD. (IN NATURAL STATE 


AS CONSUMED.) 
As b in 
Complete oxidation. | 
(= 15 482 ) e M 
Units - 
of Heat. kil 
Potatoes... ...... 1-013 429 | 
3936 1,669 1,627 
5042000 4000 1,696 1,665 
Lean of beef........... 1°567 664 604 
Cheshire cheese.. ..... 4°647 1,969 1,846 


. than six times that obtained from the same weight of lean. 
1 am not using the word “lean” in the sense that you and I 
do, where we speak of a lean beefsteak as having no fat in 
it—a lean beefsteak contains a good deal of fat—but the lean 
meat deprived of fat by proper chemical means. He found 
that fat by proper chemical means. He found that fat can 
develop more than six times as much heat as the same weight 
of lean. Now, Dr. Frankland, in carrying out these re- 
searches, determined not merely the absolute amount of heat 
foree obtained, but the amount of force obtained by carbo 
hydrates from fat, and from albuminoid matters, when used 
by map. Albuminoids are not burnt up to carbonic acid and 
ammonia; they are eliminated chiefly as urea, slightly as 
uric acid, and, in birds and reptiles particularly, a consider- 
able quantity is eliminated in the less oxidized form of uric 
acid. By making a deduction from these determinations of 
the eliminating urea, the result of his researches was that 
the fats yielded a very large amount of force compared with 
the albuminoids—as I said before, about six times as much. 
Two German chemists, Messrs, Fick and Wislécenus, experi 
mented upon this matter. They carefully and most accu- 

/ rately weighed everything they ate, and accurately deter- 

mined the excrete products, the carbonic acid, and so on. | 
They found that, in going up the Faulhorn, which is 10,000 
feet high, they burnt. 7 grammes of their muscles. Now, 
according to the researches of Frankland, this 37 grammes 
of muscle was only equivalent to 68,000 meter kilogrammes 
of force, whereas, the total amount of force expended in go 
ing up amountain of that height was 319,000 meter 
kilogrammes—leaving a deficiency, therefore, of 251,000 
meter kilogrammes, This was entirely due to the fat and 
the carbo-hydrates they consumed, and not due to the oxi- 
dation of their own muscles. From the researches of these 

entlemen, and those of Playfair upon laborers, and of 
Taughton, who experimented upon undergoing shot 
drill, and Dr, Edward Smith, who experimented not only 
upon individuals undergoing the treadmill, but who also 
worked the treadmill himself, and also from the work of Dr. 
Frankland, we now know that the heat of combustion we 
obtain, and the amount of force we generate, is due chiefly, 
not to the nitrogenous, but to the non-nitrogenous parts of 
our food, 

This is not all. As the work done increases in severity, 
it is not the nitrogenous compound urea that increases, 
but it is the carbonic acid gas which increases in the 
eliminated products of combustion, The greater amount of 
wark done In a given unit of time, the greater is the 
amount of carbonic acid produced. Dr. Smith, in experi- 
menting upon himself, found that, when he was slee ing, | 
he eliminated 19 grammes of carbonic acid gas per hour 
from his lungs. It was carefully quantified and weighed, 
When sitting, 29 grammes were eliminated; when walking 
two miles an hour, 70 gramme;; three miles an hour, 100 
grammes; when ascending the treadmill, at the rate of 
231¢ feet per second, it amounted to 190 grammes per hour. 

a Then, you may say, granting that the carbonic acid in- 

mS creases the more work is done, whereas the urea increases 

he, but little, what function does the muscle perform in the 

z system? The function that the muscle performs is pre- 

cisely the same as the piston rod, together with the ma-| 

“ chinery play in the ordinary locomutive. You know that 
the function of -the: piston rod of a locomotive is to 


| to a considerable extent. 


favorable. 
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convert the heat from the oxidation of the coke or coal— 

Which, of course, operates in changing water into steam— dressing, with wood ashes if 
into a motion of the mass; so that, in that way, by burn- 
ing fuel, yon can drive a train at 50 to 60 miles an hour. 
Precisely similar is the function of the muscle in the bu- 


man system; it is the apparatus by which the heat 


duced from the oxidation of the carbo-hydrates and of the | to sixteen inches apart. and put the seed about half 
fat is converted into mechanical motion—into the motion, 
ulsation of the heart and other inter- 
nal mechanical work, but the motion of the body in walk- 
ing, or running, or climbing hills, and other mechanical 
however, between the roughly enriched they may be left pretty near toget 


not merely of the 


work. There is this difference, 


muscle and the piston rod; not merely the piston rod, but 
arts of the engine, are carefully constructed by 
termed 
* hot bearings,” in other words, there must be no local pro- 
duction of heat by friction in any part of the engine. There 
oxidized 
from the market. 


all the 
the engineer, so as to avoid what is technicall 


is this difference, then, that the muscle is part! 
and broken up, but the amount of heat obtainec 


oxidation of the muscle is only converted into mechanical 
motion in about the ratio of one-third of the total heat pro- 
duced, two-thirds going to heat the body, and only one-third 

We are indebted for 


going to produce mechanical motion. 
these researches to Heidenheim and others. 
To take a more 


ractical view of this question, one that 
will be more readily understood by most of you, 1 will take 
some of Dr. Frankland’s results upon the heat of combustion 
produced by oxidizing various articles of food. Supposing 


3, 1986, 


The land should be er manured with 
tean be had 

should be turned under. The land should then 
raked over and made smooth and as free as possible 
lamps. The seed should be sown as early as Possible 
the soil is suitable to work. Sow in drills about 


a 22 


dee’ This work can be done with a seed 

pres be sown quite thickly so as to allow 
loss by insects. If there are too many plants left 
be difficult t remove them, but if the land has 


an inch apart. No weeds should be allowed to Tow 
work of keeping them down can be mostly with 
scuffle hoe, and very rapidly, too. 8 
There are many varieties, but one of the best, if not 
very best, is the Danvers yellow, a variety that is lange 
cullivated in Essex County and has sold Well in Boston 
The large red and silver skin are corts that do wel] 
and find a ready market, but still we give the preference 
the Danvers. These varieties should yield under ~ 
cultivation six to eight hundred bushels to the acre 
from seventy-five cents to a dollar a bushel. We know of 
nothing that can be used that will effectually prevent the 
ravages of the maggot or mildew. One must take 
chances. We know of few more profitable crops than the 
onion. 


we were to take the average of all persons present in this A MASTERPIECE OF MODERN INDUSTRIAL ART 


room, and assume we are all 10 stone weight (110 Ib.), and 
if we wished to go up 10,000 feet against gravity, what 
amount of force should we require? I could have given you 
the quantity in meter kilogrammes of force, as I have a)- 
ready done, but let us see what amount of money it would 
cost in the form of different kinds of food, in order to do 


that amount of mechanical work. 


WEIGHT AND CO8T OF FOOD REQUIRED TO RAISE 140 LB. 


10,000 FEET HIGH. 


| Wei Cost Total 
in Ib, per Ib. cost 
required. in pence. im pence, 
Potatoes. 1 5 
_ 2 4} 
Oatmeal ..... 1 
Lean of beef........... 3+ 12 42 
Beef fat . + 10 5 
Cheshire cheese ....... 1} 10 RB 


On this table we have the number of pounds required of 
different kinds of ordinary food to produce this amount of 
If we take potatoes, we find 5 Jb. of po- 
tatoes would be required, and if we consider them — 


mechanical work. 


1d. per Ib., it will cost 5d. You will readily understa 


that the last column, which gives the value of the articles, 
Of flour we should only re- 
quire 14 lb., which is taken at about 3d. per Ib., and this 
Bread would cost 4}d.; the 
difference is due, doubtless, to the expense of the process of 
In the case of lean beef, deprived of fat, 
34 lb. are required; and, asthe cost of very lean beef is 
taken at 1s. per Ib., that would cost 3s. 6d., whereas tbe fat 
uantity as § Ib. 
would do the work which 3} Ib. of lean beef would do; 1} Ib. 
of Cheshire cheese would be required, which, assuming the 
price to be 10d. per lb., would cost 1s. to do that amount of 
Of course, this table is merely sugges- 
tive, but you see perfectly well that man does not require a 


will vary from time to time. 
would, therefore, only cost 4d. 


making bread. 


would only cost 5d., because so small a 


mechanical work. 


large quantity of albuminoids in doing heavy work. 


I told you that bread contains a very fair ratio of nitrogen 
to carbon, and that, when considered from another point of 
view—the mechanical work capable of being done by the 
ue of such food materials—that really, the money spent 
upon flour is not at all badly laid out; Whereas, on the other 
hand, if you wish to have a large quantity of work done-jn 
a short time, then, in addition to bread, we require, not to 
use much nitrogenous matter, but rather to use fat, and, 
therefore, the peasants, not merely of England, but of all 
countries, have been right, in spite of many scientific asser- 
tions that they were wrong in their instinctive habit of add- 
ing fat, rather than nitrogenous food, to their diet when un- 


dergoing hard work. 


TO RAISE CRANBERRIES IN THE GARDEN. 


F. Trowsripee, of Milford, Conn , says: “ Every family 
A moist but not clayey soil 
should be selected, and the ground prepared by plowing or 
spading, as for strawberries; the entire surface should be 
at or muck, or one or 

They can be planted 
one foot to eighteen inches apart, four to six inches in 


can have their garden patch. 


covered one or two inches with fine 
two inches of sand can be substituted. 


THE cut opposite, for which we are indebted to T, 
horn’s Gewerbeha/le, represents a clock constructed by L. 
Falize’s Son, in Paris, and distinguished by the great medal 
of honor at the late Paris Exhibition. he clock is in the 
style of the sixteenth century, with statuary and reliefs by 
the sculptor Carrier-Balleuse, and unites the arts of jy 
carving, gold. silver, and enamel work in the most excellent 
manner. The base is made of lapis /azuli, with chased eng. 
meled gold reliefs, representing the four seasons, and con. 
tains the mechanism of the clock. Six sphinxes, in rie), 
colored enamel, hold shields with the signs of the planets, 
and on the base the names of the four great astronomers of 
-ancient Greece—Thales, Anixamander, Calippus, Hippgp. 
chus. Twolarge medallions cover the openings for wii 
and setting the clock, and one of these medallions shows the 
numerals indicating the hours, whereas the minute numerals 

ss by ina slab on the base, below the hour medallion, 

he main one. of statuary is executed in ivory and silver, 
and represents Urania, with the two genii—Urania suppon- 
| ing a celestial globe of mountain cry-tal. The represent 
tives of the seven days of the week—Diana, Mars, Me . 
Jupiter, Venus, Saturn, and Apollo—are represented as float- 
ing in the sphere; whereas the names of the gods to whom 
| the months are consecrated are represented altcrnately with 
the signs of the zodiac on the golden belt encircling the 
sphere. The clock is twenty-one inches high, and of a noble 
monumental character. 


THE FUTURE OF CHINA. 
To the Editor of the Scientific American : 


A writer in a late Atlantic Monthly, in commenting upon 
the future of China as bearing upon productions of labor, 
says: 
of Though China is somewhat tardy in her action (refer. 
ring to the establishment of woolen mills on foreign prin- 
ciples at Lang Chow Foo) we may be certain she will be 
thorough. Not only the English and Russians, but all others 
will find that market closed, not to cotton alone, but to 
everything that the people consume. More than this, the 
time is not far distant when the textiles from Chinese ma 
chine looms, iron «and steel and cutlery from Chinese 
furnaces, forges, and workshops, with everything that me 
chinery and cheap labor can produce, will crowd every 
market. The four hundred millions of China, and two bux 
dred and fifty millions of India, the crowded and pauperized 
populations of Asia, will offer the cup of cheap machine 
labor, filled to the brim, to our lips, and force us to drink it 
to the dregs, if we do not learn wisdom. It is in Asia, if 
anywhere, that the world is to find its workshop, There 
are the masses and the conditions necessary to develop the 
power of cheapness to perfection, and they will be used.” 

This seems a startling statement, but an experience of 
nearly twenty years in China, and an intimate knowledge of 
the habits, thoughts, and capabilities of the Chinese, forcesme 
to acknowledge considerable truth in the writer’s language. 
Still, his words of warning, though worthy of serious heed, 
are not, in my opinion, fraught with necessary alarm to 
the present generation. The Chinese are not only hard to 
| move, individually and as a nation, but considerable pro- 
tection for foreign machine labor lies in the corruption of 
the native officials, and the inordinate squeezes to which all 
enterprise is subjected, resulting, thus far in = in 
stance, in failure. The woolen mill in question, beings 
government undertaking, will prove an abortion, it being 
only a question of time when the dishonesty of those in 
charge will bring it to ruiv. No laws protect enterprise 


depth. They are highly ornamental in pots, the fruit hang- | or capital in this country, and few are they who will ever 


ing on the vines until the blossoms appear for the next or. 
n 


In some places experiments huve been’ made syecessful 


‘be willing to risk their fortunes in establishing factories in 
| face of the unchecked rapacity of the Mandarin class, whose 


raising the cranberry in ordinary garden soil, and Mr, Down- | levies would bring utter ruin upon them. 


ing bas stated that a plat of the size of twenty feet square, 
planted properly, will yield three or four bushels annually— 
Experiments in New England 
indicate that the cranberry can be cultivated on upland, 
On Long Island, 


quite sufficient for a family. 


though generally with moderate success. 


But there is a phase of the subject which I deem of jae 
| mount importance to Western nations, and chiefly to Ame 
‘rica. It is the protection of patent rights. When we 
‘realize bow entirely imitative must be the manufacture of 
| mechanical appliances by the Chinese (whose numbers are 


however, there are eranberry patches of five or six acres, | overstated by the writer in the Atlantic a hundred millions 
on high upland soil, that produce fifty to one hundred | or so), we can appreciate the vast fields open to the A 
bushels per acre, which is considered a satisfactory result, as _ can inventors, and how entirely at the mercy of the Ce 


manure is unnecessary, and the trouble of cultivating, 
than that re-' by future treaties. So profoundly have 


gathering, and marketing the cran is less 
quired by the strawberry or any small ts.” 


GROWING ONIONS, 


| we shall be if unchecked purloining of 

with the necessity for immediate action, that I have laid the 
subject before the United States Minister at a sa 
through the Consul General at Shanghai brought ~ ub. 
ter to the consideration of the State Department at 


Tuts crop was formerly regarded as a profitable one, and | ington; but I am confident there is nothing to be gained 


large quantities were grown in some localities. 


Within the | any other than a course of vigorous and constant agitate 


j d meo 
past few years the onion maggot has proved to be a great | Let our practical and inventive mechanics and ! 
pest to the onion, and many fields have been greatly injured ' science realize the importance of united and determined 
or wholly destroyed, so that some farmers have become in a' tion, and see to it that the necessary protection Bef 
measure discouraged, and do nof attempt to grow them as rights is secured when any new treaty is made, elt 


formerly. 


soil, made mellow by plow or spade: Formerly 


rule to grow them on the same land many years in suc- | eyed Ce 
ndoned this 
year. 


cession, but many of the best growers have a 
practice, aud now change about every second or third 


In some localities a mildew has injured this crop | China or Japan. 
Not withstanding these drawbacks, D 
as a rule, a good crop'cau be secured when alt the conditions | up to view by the writer in the Adunfic. 
The onion requires a rather light, loamy 

t was the | but it is, afterall, only-a question of time when the 


It is the only way to levy tribute ae 
| prophesied cup of cheap machine labor so warningly 

The present 
ration have but little cause to fear from Chinese comps i, 


jestial wilt shake off the Mandarin yoke. The leave 
j is already at work in the shape of the newspaper, pref 
of us may live to see mighty changes in- China,” 
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1880. 


blind! Ikin 
we y ‘vill march with civilization. Now is the time 


pest dymasty 


rican inven 
ning, 
tive, and 


"4 and it only needs capital and enterprise on the part 


nt en 


fon’s 
that 
Ehope, it to bring about the needed action suggested, 


t the stitch we take in time may save future dis- | nal region, and if the fish is “ ri 


r 


A FAMIL 


and little labor by any intelligent owner of a brisk | female not prove ripe 


manufacturing, oil, agricultural, locomo- | you see a 
other machinery is already being gradually intro- | current. 


nt. 
JAPAN, January 19, 1880. 
TROUT BREEDING EASY. 


y supply of trout may be attained with small ex-|the trough, and the primary work 
, keep her a few days in a pool or, 


In October or November to a trout brook and walk 
softly along those parts of it that are gravelly and have run- 
ning water. Peep under the banks and the dead logs until 

r of trout lying close together, their hele to the 
ith a hand net, dextrously used. both may be 
captured and transferred to a pail of water. The female is 
seen to be the stouter; she has a less projecting under jaw, 
. | and her fins are not so red. ‘‘ Take her up tenderly,” and 
ou will lend the powerful influence of do not go poking a clumsy thumb into her gills. Pass the 


g on the brink of destruction. The 


tors to secure protection for their pat- 


to insure for American machinery the 


,” the eggs will flow out 
n of water. Put 


| freely. They should be received in a 
press him in like 


| the female back; take out the male an 


ARGUS. 


Stir the water with the hand, cover it, and allow 
it to stand for half an hour. At the end of that time the 
3s which had stuck fast to the sides had become free and 

roll about. Now gently spread the eggs on the gravel of 
8s done. 


By J. T. Kuve. 


of never. failing water, if the location is so sheltered | spring hole. The fish thus captured for breeders should not 


as to avoid the 


risk of overflow from surface drainage. | be set free, but kept in a suitable pool till the next season. 


Deep, narrow ponds in ravines protected from the sun’s | Such a preserve may easily be made by digging out a place 
and supplied by spring water through an inch pipe, | a dozen feet square and three feet deep, grating the inlet and 


may suffice for a few specimens, and serve to amuse and in- | outiet, and le 


ing a stream of water through it. The breed- 


pode the amateur proprietor; a fountain capable of filling | ing fish here kept will feed voraciously, and will eat refuse 


constantly a two-in 
which may prove @ 


ch pipe will sustain a trout preserve | scraps of meat, insects, caterpillars, clotted milk, hasty pud- 
source of pleasure and profit. ding boiled with milk, and small minnows. Thus fed, once 
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finger and thumb with a gentle pressure along the abdomi- | 


manner, and allow the expressed milky fluid to fall into the | 


Should the’ 
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or twice a day, they grow vapldiy. and a half pourd fish 
will get to a pound in a year. Meantime the eggs are grow 
ing also, and in their way. After two or three weeks two 
dark spots appear on each egg, and these, when held to the 
light, are seen to be the eyes of the embryo, showing through 
the translucent shell. This is a good time to pack eggs for 
transportation. Take a tin box, the size and shape of a 
pint measure, collect also a good handful of peat moss 
(sphagnum) and wash it clean. Lay a stratum of wet moss 
on the bottom of the box, and cover the same with a fold of 
the gauze called “mosquito bar.” On this gauze spread 
gently a single a of eggs, and cover them with a second 
fold of mosquito bar. en put pure moss, and another 
layer of eggs in like manner, and thus continue until the box 
is full. t on a cover with a few holes in it, k the tin 
in a case of sawdust, and the eggs are good for u month 
without opening. When they are unpacked take the moss 
off the top, then lift them out by the gauze and place them 
in the hatching-trough. It will be found that they have de- 
veloped almost as much in the wet moss as they would have 
done in the water. The tiny embryo may be seen jerking 
itself uneasily in its spherical prison; a movement that con- 
‘ tinues to increase until, after two or three months from im- 
pregnation, according to the temperature of the water, the 
creature bursts its shell and appears in all its grandeur, 
looking, to say the truth, more like a spiritual polliwog than 
a real salmonide. This pollywog’s character arises from the 
great yolk sac, or, rather call it, haversac, for it bears the 
thirty days’ rations of this recruit. Al) that time it lies still 
without foraging But thereafter we must issue to him, for 
now he appears as a genteel minnow, with bars on bis sides. 
Twice or thrice a day a little clotted milk, rubbed very fine 
in water, must be put in the trough, and the fry may be seen 
eagerly to swallow the floating particles. With enough food, 
|Toom, and water, they will grow fast, and will take larger 
and larger morsels. At a year old they may be somewhat 
larger or much smaller, according to their treatment. Their 
| increase will depend on depth of water and quantity and 
variety of food.—Sea World. 


ON THE TANNIC ACID OF SUMAC LEAVES. 
By H. Macaeno, Director of Agricultural Stations. 


Durie 1879, I undertook some researches on the produc- 
tion of tannic acid in the leaves of sumac (cultivated in 
Sicily) by the Flek and Simpkin improved process. In de- 
coctions of sumac tannin may be separated by precipita- 
tion with an ammoniacal solution of copper. Take 10 c.c. 
of a decoction of sumac, acidify with sulphurie acid, add 
some water, and titrate with permanganate of potash. From 
100 c.c. of the same tannin extract precipitate the tannic 
acid with ammoniacal acetate of Conner. taking care that 
there is an excess of ammonia, and filter. The first few 
drops of filtrate are rejected, and then 10 c.c, of the filtrate 
are to be acidified with sulphuric acid, diluted, and titrated 
with permanganate. The number of cubic centimeters of 
| permanganate destroyed by the solution, from which the 


|tannin has been separated, subtracted from that uired 
before removal of the tannin, gives the quantity of per- 
manganate which has been required to oxidize the tannic 


acid. The analyses were made separately on the leaves of 

the lower and superior sides of branches, and the results per 
cent. are as follows: 

Water in Tannin in Mean 

June 10,1879, 58°15 60:23 24938 1745 59°19 21°19 

“ 16, “ 5712 63°40 2492 1611 60°30 20°51 

27, “ 68:44 25°82 15°27 5795 20°54 

July 14, “ 5115 62241 2475 10°81 56°69 17°78 

| a, 49°30 60°33 23°30 944 55°06 16°62 

Aug.m, “ 4815 61°30 2191 877 ‘S497 15°34 


An unknown and interesting fact shown by these results 
| is the greater mem 4 of tannin in the leaves of the superior 
side of branches, and also the total decrease of this element 
| with the growth of sumac. Notwithstanding, for com- 
| mercial purposes, the cultivator will be always Jed to retard 
the crop, as the extra quantity of leaves compensates for the 
want of tannic acid.—Chem. News. 


FORCED ALIMENTATION.* 
By ALEXANDER Hotcuins, M.D. 


SysTEMATIC veges, in the course of exhausting diseases, 
in convalescence, and in the treatment of dyspepsia, is no 
novelty. The literature is ample, and the practice followed 
by all judicious and skillful practitioners. The theory in 
the former conditions is, that the rapid waste must be 
promptly made good, and, in the last, that the weakened or 
perverted digestive functions must be judiciously supplied 
with appropriate food. 

It is the ular opinion that food should not be taken 
when the desire for food does not exist. It is the object of 
this paper to hint at certain clinical facts that prove the con- 
trary of this opinion, and point to forced alimcntation as a 
therapeutic agent. It is possible that the practice herein in- 
dicated may be generally followed; but, if so, even the fugi- 
tive literature of the profession is barren of the facts. 

That impaired nutrition is associated with a wide range of 
chronic diseases, and with that well-nigh undefinable condi- 
tion of “ r health,” and that the sufferers from either are 
generally irregular, fickle, and imperfect feeders, are pro 
sitions that need but to be stated. It may be that the 
ease has broken down the appetite for food, and thus the ir- 
regularity; or it may be the irregularity, long continued, has 
rendered the disease possible, or directly accounts for the 
general discomfort, In either case the nutrition is at fault, 
and the point in practice is to recover the nutrilion. 

An individual with an. intelligent and vigorous appetite, 
whose nutritive functions are accurately performed, one 
meets with, but not too often; a famédly that gathers round a 
judiciously furnished table, at regular intervals, and does 
uniform. justice to the ty with zest and energy, one 
meets with but rarely, Hine dle lachryma, 

It is no purpose of these moments to portray the conse- 
quences of ill-feeding, but suggest that frequently a well di- 
rected feeding will be the means of restoration to physical 
vigor and freedom from disease. 

tarvation may bappen suddenly from a total ore 
from food. There are many who are ing their lives in a 
state of semi-starvation from an insufficiency of food, There 
may be.no desire for food, and yet it may be possible to cul- 
tivate the desire. 

The amount of needful food varies. with a large variety of 


© Read befcre the Medical Society of the State of New York, February 
1900+ af the the Countyof Kings, 
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conditions. In any special case it will not be difficult to dis- | the habit of not taking food (insufficient feeding), experience | 
cover whether the needful amount is taken and appropriated. | proves that it is less a question, at the outset, of what siiall | 
The question in therapeutics is, bow is it possible to cause eaten than that something shall be eaten. | 
the needful amount to be taken and appropriated ? The op-| Aside from all considerations of appetite, Ay mg 
position, therefore, may be physical or moral, The stomach | any weakness of will-power, or the multiplied obstacles of | 
may loathe or it mer reject food. The necessity not being | repulsion, loathing, or seeming impossibilities, the first point 
known to the individual, there may be no effort to take is to get food of some kind into the stomach, ia such quan- | 
food, The necessity being known, the will power may be | tities as is possible and at stated intervals, as a stern auty, 
ton weak to enforce it. | either in fulfillment of an intelligent appreciation of the ne- 
Qluttony on the one hand and an inadequacy of food on | cessity, or in submissive obedience to inflexible orders. The 
the other are, to a large extent, habits. In either case a | operation is at first strictiy mechanical, and being such, the 
peculiar condition of the system is acquired. So far as the | physician should disregard the sense of taste with the same | 
nutrition is concerned, the system accommodates itself to fndifference that he would exercise in the administration of | 
the insufficient supply. The resultant condition is not the | medicine in av emergency. In point of fact, the neutral | 
best, for divers ills result. tint is the most satisfactory. In the selection, food that re- | 
The stomach gets the blame; but while it is at fault all the | quires mastication should be avoided, and food, without | 
other members suffer with it. The stomach and other organs | special flavor, that can be swallowed by a single effort, | 
that participate in the digestion and assimilation of food, are | should be selected. Ce n'est que le premier pas que coute te. The | 
as much the objects of nutrition as the organs or parts of first successful effort, and the first effort can always be suc- 
the economy most remote from those connected with the ap- | cessful, is a demonstration to the patient of ultimate success; 
propriation of food. There is an interdependence. The | is a conversion of sentiment; is a tonic to the will. 
stomach receives food, and is supported by the food. | As a second consideration, solids and semi-solids have the | 
So the desire for food is prompted, not merely by the abil- | preference over liquid foods. It is a familiar physiological | 
ity of the stomach to receive food, but by such continued | fact that the contact of solids arouses very rapidly the | 
and uniform general nutrition that the ordinary and normal | special functions of the stomach, and, as a matter of clinical | 
waste sends back to the stomach the demand for food by | observation in forced feeding, the solids and semi-solids are | 
which, ultimately, the waste is to be repaired. | better borne than liquids. Again, it must be borne in mind | 
Of course, where the desire for food does not exist, and | that the effort is not to assist a weak digestion, but to habitu- | 
little is taken, the waste is proportionately diminished. A | ate the stomach to the presence of food, and therewith to | 
certain condition of imperfect health is maintained. The | provoke its activity. What follows will be always the result 
eonditions exist for the onset of functional disorder. Malaise | of judicious selection. 
and general discomfort are present. f there be one direction to be followed in forced feeding 
The point is, that there is a large variety of disordered | that is essential above all others, it is that this feeding should 
conditions, unaccompanied by organic disease, to a very be conducted at regular intervals (the frequency to regu- 
large extent the result of defective nutrition, where the | lated by the quantity taken), stretching over a long period of 
amount of food taken is smal] in quantity, improper as to|each day. As a matter of clirical observation it has been 
character, irregular as to time, matters of long standing, | found that this feeding is best practiced 18 hours out of the 
which chronic habit of insufficient feeding can be overcome }24. As a rule, also, this feeding should be commenced be- 
by a properly selected dietary, systematically arranged and | fore the patient is out of bed in the morning—the earlier the 
rigidly enforced, with the result of a speedy restoration to | better. tn an ill-nourished person the change of. position 
health and vigor, which result cannot ordinarily be effected | from supine to erect, and the effort of dressing, develop a 
without this forced alimentation, and this without the inter- | condition allied to faintness; and from this cause, or some 
vention of drugs. other, with these patients, there is, in the morning, the great- 
The clinical question is, can these conditions of disorder, | est disinclination to take food. It will surprise any who 
which are accompanied by an imperfect nutrition dependent | have not practiced this habit of taking some food in bed, so | 
on an insufficiency of food, be overcome by forced rr early, if possible, as to secure a nap before rising, to observe 
that shall compel the system to take and appropriate a suf-| how quickly the disinclination for the breakfast meal will 
ficieney of food ? Will the systematic and forcible occupa-| lessen. Insisting upon stated intervals, unvarying as the 
tion of the stomach by food finally beget the normal appe- | clock, is of paramount importance. 
tite for food ? | Although so much is claimed for milk and lime-water as 
How far is drug-taking efficiently related to forced feed-| the panacea for all nutritive ills, yet this combination does 
ing? Should it precede, accompany, or come in as an ad- | not fulfill all the indications of foreed feeding. The nutri- 
— after the habit of taking food has begun to be estab- | tion, as I am describing it, is suspended, and not degraded. | 
ished ? It is less oppressed than inactive. The stomach is not at 
These are questions that can only be met by the study of | once ready to endure or digest food: It is not functionally 
each individual case. Many cases can be conducted up to a! discolored, but torpid. e emulsion is useful, but not 
sound digestion by the use of food alone. The habit can be | universally so. 
established. The end aimed at is the proper digestion of an| The caution is, perhaps, needless, that the nit 
ample amount of food. Drugs are not and cannot be made | foods are inappropriate in the early stages of forced feeding. | 
to be a substitute for food; and drugs, in a large class of | The general inactivity of the entire digestive apparatus ren- 
cases, are valueless for the establishment of an appetite. ders it in a condition unfit to digest and appropriate them. 
If there is one position that the physician can occupy as | In general, the coarser farinaceous foods fulfill the indica- 
the skilled and competent adviser, it certainly is in the exer- | tions of bulk and an excess of refuse material stimulating 
cise of his experienced authority in constructing the details | the alimentary canal and its adjuncts throughout its entire 
of a dietary, and insisting on implicit and unquestioning | length. The quantity, of course, at the outset must be 
obedience thereto. No general edvien will avail. Patients | small, to be increased as circumstances will permit. 
who will submit to any extremity of medication, and adhere| The free use of water is to be insisted on as a requisite to 
to directions with pertinacity, will rebel against the details | success in this forced feeding. In ill-nourished persons there | 
of forced feeding, shake thelr heads ominously at the pro-| is well nigh universally a marked diminution of the secre- 
spective labor, or flatly refuse to undertake the purgatorial | tions. A Jarge admixture of water with the food is of great 
diseipline. So, if any success is to be anticipated from the | use in promoting absorption, in encouraging the action of 
treatment, the physician must descend from the lofty tribune | the kidneys, in softening the dejecta, and in setting free the 
whence general principles are promulgated, and patiently, | action of all the emunctories. What is useful in ordin 
and with calm assurance, give his patient the most precise health becomes a necessity when so radical a measure 
and intimate directions. spehenite and persuasion must go | entered upon as is here described. 
hand in hand. In the multitude of homes, where the indis-| These forcible measures for subverting a dyscrasiaand 
cretion of parents has relaxed authority in the matter of substituting therefor a normal condition of animal life, must | 
feeding, and a race of imperfectly nourished children is los- | be synchronous with submission to all those conditions which 
ing: vigor day by day, to demand that these parents shall | are justly recognized as influencing free animal action, | 
revolutionize themselves, insist on their children eating a/lar evacuations, abundant fresh air, judicious ex 
proper breakfast, provide a suitable lunch for the school | cheerful occupation. | 
recess and make sure that it is eaten, and follow up the| To bring forward an array of clinical experience in sup- | 
regime till the end is gained, is a revolution in morals the | port of this therapeusis would be a wearisome detail. [| 
nitude of which is Known only to the physician whose | have been persistent in this praetice for many , and | 
intelligence and conscience have determined him to carry it | each week has some new story to-tell. A few lines would | 
through. Aon ill-fed and imperfectly nourished childhood | tell the tiresome monody, ever and repeated. The | 
will arouse his anxiety and stimulate his zeal, and the result | child peevish and playless, shrunken, and older than be-| 
aimed at can be accomplished. | seems his days; the tired school-girl, with her headache, and | 
The recognition of this principle of forced feeding as a | lassitude, and unrefreshing sleep; the maiden whose years) 
therapeutic measure is a valuable adjunct in resisting certain | fit her for the sunshine, apprehensive, oppressed, and sbrink- 
influences of heredity. The inheritors of certain constitu-| ing into cloistered retirement; young maturity aimlessly 
tional taints are notoriously light and fickle feeders. The | struggling on under a burden of infinite malaise; the later | 
parents themselves, unconscious of the discipline of food, ac-| years, unburdened by actual disease, but: drifting alon 
cept their offsprings’ ‘‘ weak stomach” as the inevitable. | through weary periods of functional distress; a wan _ 
But this “‘ weak stomach ” is also an uneducated stomach, | weary host, under manifold variety of guise, each with a 


dry when u ing. His t modified 
lecturer described as a cen bulb, with a t te § 
bottom. In the of this bulb were two tubes, be a 


tothe bladder an 
water. The water contained in either could a 
passed the bulb the other. There was reat 
van ng evacuation, in frequent) varyh 
a of water in the bladder. More water was ae 
at first, when there were many fragments, Afterwaslal é 
the operator was pursuing a le fragment or two re - 
water there was the better. The limit in Pe 
water was announced by a frequent thud when the oe | 
bladder-wall was drawn into the eye of the ¢ 
enough water should then be returned to the bladder és 
vent this thud. If the vessel in which the clastic hose gail 
was a graduated glass, the exact amount of water jg 
bladder could be known at any moment. This was the 
instrument yet devised to vary at once the amount of water 
in the bladder. No other apparatus would empty thesia 
der without uncoupling. If a little air were to get inside 
instrument it would be caught iu the bulb, whenee ig could 
not get to the bladder, but would be expelled inte them 
vessel. I am sure, said the lecturer, that operators will 
fer a short elastic tube between the catheter and the i 
and I am “7 sure that they will adopt a stand og 
to rest the bulb. I find it convenient, in follo the 
movements of the catheter, to raise and lower the u 
well as to move it from side to side. The stand I show 
rovides for both these motions. It has rings like 
ist’s retort-stand.—V. Y. Medical Journal. 
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with latent possibilities that a cultivated discretion may call 
into vigorous exercise. This digestion, nut stimulated by 
drugs, but exercised by materials that possess the elements 
of nutrition, can enforce a nutrition by which the malign 
hereditary influences may be set aside, and the maturing 
years be coincident with maturing os of resistance that 
would be unknown to the period o 

and ill-nourished. Bearing in mind that food is the natural 
tonic, and that drug tonics are but excitants to the natural 
tonics, it, at the same time, is not to be lost sight of that, 
during the entire period of growth and development, where 
waste and repair go on so rapidly, where accumulation 
stretches way up beyond the region of supply, and that for 
a long continuous succession of years, any protracted failure 
of appetite and an inadequacy of food, coincident with a 
want of enthusiasm and buoyancy native to vigorous youth, 
must naturally suggest the must gloomy forebodings. In 
the most unpromising cases much can be accomplished. The 
end sought can be obtained by a patient, uncompromising, 
intelligent attack on the habit of insufficient feeding. The 


development, ill-trained | 


| 


physician must take on himself the self-denial and profound | 


convictions of a missionary, for the most obdurate of heathen 


peculiar story begotten of a special idiosynerasy, all stripped 
of their enthusiasm, buoyancy, vigor, and comfort, with one 
common, sickening wail of vanished appetite for food. 

There is no class of invalids to whom mere general and 
occasional advice is more worthless, and, certainly, none 
who make more persistent demands upon and are more har- 
assing to their medical adviser. If foreed alimentation 
can, on the one hand, assist in the recovery from certain 
forms of chronic invalidism, and, om the other, avert the 
suggestion of this therapeutic measure may, perchance, 
lengthen the list of curable disorders, 


LITHOLAPAXY. 


Durie the last ten days Dr. Heary J. Bigelow has 
formed the operation of Tit at the 
setts General Hospital, Boston; removing stones from mid- 
dile-aged patients. The stones weighed between one hun- 
dred and fifty and twe hundred grains, one being phos- 
phatic, the other lithic. There was the usual rise of tem- 
perature in each case a day or two after the operation, The 


is an over-indulgent, undisciplined, and blindly-affectionate | patients have since wholly recovered from their previous 


parent. In view of parental 
ance and culpable neglect were the better terms. She must 
first be converted, that his commands may be implicitly 
obeyed and relentlessly enforced. 

I shall not undertake to describe the details of a procedure 
that must, of necessity, be modified by a variety of contin- 
gencies, The conditions are not as when foed is adminis- 


tered for the purpose of repairing the rapid waste of ex-| rubber. With alike simple apparmaum 
isease, and the attention is not directed to such | St. Bartholomew’s, London, had latelyarameved, in a short 


hausting d 
conditions as must be considered in woe hang the appetite 
of 4 dyspeptic by a judiciously regulated 


responsibility, abject ignor-| symptoms, and have been d 


To overcome! dition of 


In commenting upon 
the operations, Dr; Bigelow said his original instrument 
was really all that was needed to evaewate the stone. It 
consisted of a lange catheter, a few ineliesof elastic tube 
entering the bulb af thetop, with a glass reeeptacie at the 
bottom. There were no cocks, andi i 

as the chemists do, By thru 


time, upward of nineteen hundred grains of stone. The ad- 
stop-cocks enabled the operator to the 
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